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•2-1. If ^ = 30° and T = 6 kN, determine the magnitude 
of the resultant force acting on the eyebolt and its direction 
measured clockwise from the positive x axis. 



The paFallelogram law of addition and die triangular rule are shown in Hgs. a and respectively. 
Applying the law of cosines to Fig. Z?, 



= j6^ + 8^-2(6)(8)cos75^ 
= 8.669 kN = 8.67 kN 



AOS. 



Applying the law of sines to Hg. h and using this result , yields 
sing sinVS" 
8 ^ 8.669 



a = 63.05^ 



Thus, the direction angle ^ of Fj^ measured clockwise from the positive jc axis is 

^ =a-60^ =63.05^-60^ =3.05^ Ans, 
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2-2. If ^ = 60° and T = 5 kN, determine the magnitude 
of the resultant force acting on the eyebolt and its direction 
measured clockwise from the positive x axis. 




The paialLelogram law of addition and the triangular rule arc shown in Figs, a and t, tespectivcly. 

Applying the law of cosines to Fig. fr, 

=^5^ + 8^-2(5X8)005105* 

= 10.47 kN= 10,5 kN Ans- 

Applying the law of sines to Rg. b and using this result, yields 
sina sin IDS'" 



8 10.47 



a = 47.54° 



Thus, the direction angle 0 of F/f measured clockwise from the positive jc axis is 

^ =a - 30^ = 4X54° - 30° = 17,5=* Ans. 
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2-3. If the magnitude of the resultant force is to be 9 kN 
directed along the positive x axis, determine the magnitude of 
force T acting on the eyebolt and its angle 6. 



The parallelogram law of addition and the triangular rule are shown in Figs, a and respectively. 



Applying the law of cosines to Fig. b, 

r= j8^ + 9^^2(8)(9)cos45** 
= &571kN = 6.57kN 



Ans. 



Applying the law of sines to Fig. b and using this nesult, yields 
sin(90^--e)_ sin 45^ 



8 



0 = 30.6^ 



6.571 



Ans. 




X 
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"^2-4. Determine the magnitude of the resultant force 
acting on the bracket and its direction measured 
counterclockwise from the positive u axis. 



F2 = 150 lb 




The parallelogram law of addition and the triangular rule are shown in Figs, a and b, respectively. 



Applying the law of cosines to Fig. 

Fj? = + 150^ - 2(200X150)cos 75** 



= 216J21b=2171b 



Alls. 



Applying the law of sines to Fig. b and using this result yields 
sina sin75** 



200 216,72 



a = 63.05° 



Thus, the direction angle ^ of Fjf , measured counterclockwise from the positive u axis, is 
0 = a -60** := 63,05° -60° = 3,05° Ans. 
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•2-5. Resolve into components along the u and v axes, 
and determine the magnitudes of these components. 




The parallelogiam law of addition and the triangular rule ai^ siiown in Hgs. a and respectively. 



Applying the law of sines to Hg, b , yields 
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2-6. Resolve F2 into components along the u and v axes, 
and determine the magnitudes of these components. 




The parallelogtam law of addition and die triangular rule are shown in Egs. a and respectively* 
Applying the law of sines to Fig. b , 
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2-7. If = 2 kN and the resultant force acts along the 
positive u axis, determine the magnitude of the resultant 
force and the angle 0. 




The pamllelogmm law of addition and the triangular rule are shown in Figs, a and b, respectively. 
Applying the law of sines to Fig- b , yields 



sin0 sin3Q^ 
3 " 2 



Thus, 



Abb. 



With the result B = 78 J9'', applying the law of sines to Fig, b again, yields 



sin(180°- 78.59°) sin30° 



Fr = 3.92 kN Ans. 
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"^2-8. If the resultant force is required to act along the 
positive u axis and have a magnitude of 5 kN, determine the 
required magnitude of and its direction 6. 




Tfie parallelogram law of addition and the triangular rule are shown in Figs, a and respectively* 



Applying the law of cosines to Bg. bt 



Fg = Js^ +5^ -2{3)(5)cos 30^ 
= 2.832 kN = 2.83 kN 



Ans. 



Using this result and realizing that sin(180** -9} = sinS, the application of 
the sine law to Fig.t, yields 



sing sin3(y 
5 2,832 



e = 62.(P 



Ans. 
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•2-9. The plate is subjected to the two forces at A and B 
as shown. If ^ = 60°, determine the magnitude of the 
resultant of these two forces and its direction measured 
clockwise from the horizontal. 



E 
E 




6kN 



ParaUeit^gram law : Ihn parallelDgiara law of adcStioa is shown in 
Fig. (a). 

Triganomeiry : Using bw of cosines [Ftg.(b)], we have 



==/83 + €2-2C8)Cd)Gos 100* 
^ 10.80 kN =s laSkN 

TTic angied can be detamined using law of $mcs| Fig. (b)] . 

sin g _ sin 100* 

6 " 10-80 
iin 9 = 0.5470 
^ = 33 J 6' 

Thus, fht direction ^ of measured from the x aus ii 

33.16- -30' = 3,16' Ans 



Ana 
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2-10. Determine the angle of 0 for connecting member A 
to the plate so that the resultant force of and is 
directed horizontally to the right. Also, what is the magnitude 
of the resultant force? 




= 8kN 



taralUlcgram Law ; The paralldopun Law of addition u shown in 
Pig- (a). 

Trig OHO mefrf : Using law of sines [pLg. (b)) , wc have 

sin (9(^-0) _ suifO" 

6 8 
sin =0J745 



0=^34.93* = 54.9'* 



Ani 



From the triangle, = [SXP-(9&' - 54,93°) - 50° = 94,93^ Hius, using 
lawofcosinest the ma^niimkof Fj, is 



Ff, = V8i + 6i-2{3)(6)cos 94.93^ 

= 10.4kN An* 




2-11. If the tension in the cable is 400 N, determine the 
magnitude and direction of the resultant force acting on 
the pulley. This angle is the same angle 6 of line AB on the 
tailboard block. 



400 N 




400 N 



Fn= /{400)^ + (400)^ - 2<400K400)cos60^ = 400N Aim 



400 



400 



B = 6[f Alts 
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2-14. Determine the design angle 0 (0° < 6 < 90°) for 
strut AB so that the 400-lb horizontal force has a 
component of 500 lb directed from A towards C. What is the 
component of force acting along member AB7 Take 
6 = 40°. 




F^&ii4fogtam Law : The paraUdogram hw of addiiiion is shown tn 

TrigamomHry : Uskig hw af sutes f Fig. (b)] , we have 

sing ^ sm 40" 
500 400 
sin a = 0.3035 

g = 53.46' = 53.5^ Am 

Ihm, ISO* ^40* ^ 53.46' ^ 86.54" 

Ustng bw of sines [Fig. (b)) 

sin 86.34* sin 40* 

J 621 Kb An« 



400 fb *!i 



'A 



2-15. Determine the design angle 4> (0° < 4> < 90°) 
between struts AB and AC so that the 400-lb horizontal 
force has a component of 600 lb which acts up to the left, in 
the same direction as from B towards A. Take 0 = 30°. 



Paraii^lagrttm law ; Hie paraOetograra tow of addition is shown In 

Fig.U). 

Trig^n&m€irif ; Using law of cosines [Fig. (b>] , we have 

Fj^c = V40Oi + 600*-2{400)(600)cos3O* = 32197 lb 
Hiemgle^ can be detemuned using Law of sines [Fig. (b)]. 

sin ^ sin 30^ 

400 ^32X57 
sin ^ = a6193 




^ = 38 J' 



Ans 



400 lb 
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*2-16. Resolve into components along the u and v axes 
and determine the magnitudes of these components. 



Fy = 150 N 



Fi = 250 N 
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2-18. The truck is to be towed using two ropes. Determine 
the magnitudes of forces and acting on each rope in 
order to develop a resultant force of 950 N directed along 
the positive x axis. Set 9 = 50°. 



Faraiittogram Law : Th^ parallelogiain Uw of addition a shown in 
Fig. (a). 

Tngonomtiry : Usin| law of sines (Fig. (b)] , we liave 

F, ^ 950. 
sin 50" sin 1 10* 



F. = 774 N 



sin 20" sin 110° 



Atis 






2-19. The truck is to be towed using two ropes. If the 
resultant force is to be 950 N, directed along the positive x 
axis, determine the magnitudes of forces F^ and F^ acting 
on each rope and the angle 6 of F^ so that the magnitude of 
F^ is a minimum. F^ acts at 20° from the x axis as shown. 



Faralht<>gram Law : In order lo produce a minimum force Fg , ¥g has 
to act perpendicular u> .Hie paralldogtara Uw of addititm is shown in 
Fig. (a). 

Trig&n&mHwj : Fig, <b} , 

^ =95Osin20°s325N Ans 
F^==950cosaO- = 8»3N Am 

Hie angle 0 is 

e = 9(r-2(P = 70J>" Aat 






5 



950 N 



21 



Solutions 44918 1/21/09 12:01 PM Page 22 




© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the pubhsher. 



*2-20. If = 45°, Fi = 5 kN, and the resultant force is 
6 kN directed along the positive y axis, determine the required 
magnitude of F2 and its direction 6. 




The parallelogmm law of addition and triangular rule are shown in 
Figs, aand^, respectively. 
Applying the law of cosines to Fig. A, 

^2 = j6^+5^-2(6X5)cos45^ 

= 4310kN =4,31 kN Ans. 

Using this result and applying the law of sines to Fig, yields 
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•2-21. If 4> = 30° and the resultant force is to be 6 kN 
directed along the positive y axis, determine the magnitudes of 
and F2 and the angle 0 if F2 is required to be a minimum. 




For F2 to be minimuiii, it has to be directed perpendicular to . 

Hie paralLelogmm laiw of addition and triangular rule are shown in Fip. a and respectively. 
By applying simple trigonometry to Fig. b. 



and 



/5j=6sin30* = 3kN 



Am. 
Aas. 
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2-22. If (/) = 30°, = 5 kN, and the resultant force is to 
be directed along the positive y axis, determine the 
magnitude of the resultant force if F2 is to be a minimum. 
Also, what is F2 and the angle 67 




Parallelogram Law and Triangular Rnle: The parallelogtBm law of addition and 
biangular rule are shown in Figs, a and b, respectively. 

For F2 to be minimum, it must be directed perpendicular to the resultant force. Thus, 

B = 90^ Ans* 

By applying simple trigonometry to Fig. b, 

F2=5 slnSty = 2,50 KN An& 
Fji = 5cos 30^= 433 kN Ans. 
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2-23. If ^ = 30° and ¥2 = 6 kN, determine the magnitude 
of the resultant force acting on the plate and its direction 
measured clockwise from the positive x axis. 

Parallelograiii Law and Triangalar Rutei Thi& problem can be solved by adding the forces 
successively, usmg the paralletogram law of addittoti, shown in Fig. a. Two triangular foice 
diagrams, shown in Ftgs. b and c, can be deiived from the paialleiogmm. 

Delmiiiiiatiaii of Unbnowns: R^emng lo Fig. b, F' and a can be determined as follows. 

F' = ^4^ + 5^ = 6.403 kN 

a = 5134* 




4 



Using the results for F* and or and referring to Hg, and ^ can be determined 



- 6.403* -2C6X6.4(B)c5os<5134^ +30*») 
= &089IcN=aO$l£M 



sin^ _ sk(5l34^+5<>») 



J3 =47,16' 



6 8.089 

Thus, the direction angle 0 of F/; , measured clockwise from the positive x axis, is 
^ =a+p=; 51.34**+ 47.16**= 98.5^ Ams. 
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"^2-24. If the resultant force is directed along a 
line measured 75° clockwise from the positive x axis and 
the magnitude of F2 is to be a minimum, determine the 
magnitudes of and F2 and the angle 6 < 90°. 



= 5 kN 







9 

\ 


\ 




n n 











This problem can be solved by adding the forces successively, using the paialleiogFam law dl addition, 
shown in Fig, a. Two triangular force diagrams, shown in Fig^, ^ and c, can be derived from tiie paiallelograms. 
For Fj to be minimum, it must be perpendicular to the resultant force' s line of action. Thus, 

^ =90^-75^ = 15^ Ans, 

Referring to Rg. F'and a can be determined 

F' = ^4^+5^ =6.403kN 

(ana = - a=5L34^ 
4 

Using the results for a, and , ¥r and F2 can be determined by refening to Fig. c. 

F2 = 6.403cos( 1 5^ + 5 L43^) = 2.57 kN Ans. 
Fr = 6.403 sin(15^ + 51,43*') = 5.86 kN Ans. 
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•2-25. Two forces and F2 act on the screw eye. If their 
lines of action are at an angle 6 apart and the magnitude 
of each force is Fi = F2 = F, determine the magnitude of 
the resultant force F^ and the angle between F^ and F^. 




* = ? 

2 



Am 



Since ccsc|) = ^Kp? 
Then 



Fm = 2Fcoa<5> Am 
2 
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2-26. The log is being towed by two tractors A and B. 
Determine the magnitudes of the two towing forces and 
if it is required that the resultant force have a magnitude 
Fj^ = 10 kN and be directed along the x axis. Set 6 = 15°. 




rarttiUiagram Law : The paraWdogram law of is shown in 

Fig,CaJ. 

Trigonometry : Usmg law of sines iFig.<b)] , we have 



10 



sml5' sin 135^ 
fa 10 



5iii30' sin 135" 



Ana 




2-27. The resultant F^ of the two forces acting on the log is 
to be directed along the positive x axis and have a magnitude 
of 10 kN, determine the angle 6 of the cable, attached to B such 
that the magnitude of force F^ in this cable is a minimum. 
What is the magnitude of the force in each cable for this 
situation? 



y 




ParaiUlogram Law : In order to produce a mmimvm fonse , has 
to act pcrpendicubr to .Ihe parallelogram law of addition is shown in 

Fig, (a). 



Trigonometry :Fig.(b), 



The angled is 



10sin3<r = l00kN 
=10c(>s3<r = S,66kN 



Alls 
Ans 

Ans 
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"^2-28. The beam is to be hoisted using two chains. Deter- 
mine the magnitudes of forces and acting on each chain 
in order to develop a resultant force of 600 N directed along 
the positive y axis. Set 9 = 45°. 



sia 4S* till tOf 





km 


Ft-3liN 


Am 


f 




/ 


^ . 


/ 

/ 




/ 
/ 






20/ 




a) 
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•2-29. The beam is to be hoisted using two chains. If the 
resultant force is to be 600 N directed along the positive y 
axis, determine the magnitudes of forces and acting on 
each chain and the angle 6 of F^ so that the magnitude of F^ 
is a minimum. F^ acts at 30° from the y axis, as shown. 




^3 

for minaniiai Fmw in)aiie 
$mW Ana 

ii-«W«M3a-«320N km ^'^OQfi 
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2-30. Three chains act on the bracket such that they create 
a resultant force having a magnitude of 500 lb. If two of the 
chains are subjected to known forces, as shown, determine 
the angle 6 of the third chain measured clockwise from the 
positive X axis, so that the magnitude of force F in this chain 
is a minimum. All forces lie in the x-y plane. What is the 
magnitude of F? Hint: First find the resultant of the two 
known forces. Force F acts in this direction. 



300 lb 




200 lb 



300 lb 



Canoe Law : 

ff I * ^ + 200* - 2C300)<200)5:oi6O- 264.6 lb 
Stnebw: 




200 



ZOO lb 



200 — '^'^^'^ 

WfaoirijdincttdaloaiPit .F wiHIm 
500^ 264.6+ F.^, 



Am 




fmm 
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2-31. Three cables pull on the pipe such that they create a 
resultant force having a magnitude of 900 lb. If two of the 
cables are subjected to known forces, as shown in the figure, 
determine the angle 0 of the third cable so that the 
magnitude of force F in this cable is a minimum. All forces 
lie in the x-y plane. What is the magnitude of F? Hint: First 
find the resultant of the two known forces. 



= ^(600)^ + {mf - 2<600K400)eo5 105" = 802.64 lb 




F = 900 - S0Z.64 = 97.4fi> Aiu 
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"^2-32. Determine the magnitude of the resultant force 
acting on the pin and its direction measured clockwise from 
the positive x axis. 

Rectangular Components: By referring to Rg. a , the jc and y components of Fj , F2 , and F3 
can be written as 

{Fi\ = 30COS45** = 21.211b (/^)^ = 30sin45**= 21.21 lb 

(^2)jc = 40cosl5^ = 38.641b (fi)^ = 40sinl5°= 10.351b 

(f3 )^ = 25 sin 15^ = 6.47 lb (F3 )y = 25cos 15° = 24.15 lb 

ResolCant Force: Summing the force components algebraically along the jcand y axes, 

t,j:(F/i)j, = IJFj,\ (F/j)^ = 21.21+ 38.64 +6.47 = 66.32 lb ^ 
+ TZ(F,f)y =ZPy; (FR)y =21.21- 10.35- 24.15= -13.29 lb = 13.291b I 

The magnitude of the resultant force F^ is 

= + (pR )y ^ = ^66.32^ + 13.29^ = 67.6 lb Ans. 

The direction angle 0 of F/j , measured clockwise from the positive jcaxis, is 
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•2-33. If Fi = 600 N and (/) = 30°, determine the 
magnitude of the resultant force acting on the eyebolt and 
its direction measured clockwise from the positive x axis. 

Rec t a ngul a r Conipotieiits: By referring to Fig. a.ttmx and y componenis of each force can be written as 

ai)j, = eoOcosSO" = 519.62 N ifi}y = 600sin3O=^= 300 N 
(F2 )j = SOOcos €0^ = 250 N (f2)y = 500dii60° = 433,0 N 

C/^)^ = 45c|^| j = 270N (Fs )y = 450^^1 j = 360N 

Resoltaiit Force; Suramiog the force cmponeats algebraically along Ihe xmd jaxes^ 

t^iK/%)ji = 2FxJ (/^j? = 519.62 + 250 - 270 = 499.62 N -* 
+ T XiF^ )y ^ Ify; (Fjt )y = 300- 433.01 -360 = "493,01N = 493.01 N i 

The magnitude of the resul^t lixcc is 

^J?=Jc^if)x^+(^jf)/ =^499.62^ + 493.01^ =70L91N=7Q2N Ans, 
The direction angle $ of , Rg. measuiied clockwise fitjm the jcaxts, is 
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2-34. If the magnitude of the resultant force acting on 
the eyebolt is 600 N and its direction measured clockwise 
from the positive x axis is ^ = 30°, determine the magni- 
tude of and the angle (j). 

fiectBIlg^la^ Components: By Fefemng to Figs, a and the x and j connpotiencs of F| , F3, and Fjf 

can be written as 



C/^)x = 50OOC5S 60*= 250N 
(^);c = 450j^|j-27ON 



iF2)y = 500soi60' = 433.0! N 
(/^)3, = 450^'|J==360N 
(fj? = 600an30" = 300 N 




Fo = 500 N 



R«9iihBne Force: Simmung the fofx^e eoniponents alget)(raic:ally along the xand y axes. 



519.62 i= Fi cos^ + 250 -270 



0) 



+ tT(Fji}y -JFyi --300= /^sin^- ^3.01 -360 



/|sm# = 4^.01 



(2) 



Solving Ec|s.<l) and (2X yields 

0 414° 731 N 





Cfcj 
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2-35. The contact point between the femur and tibia 
bones of the leg is at A. If a vertical force of 175 lb is applied 
at this point, determine the components along the x and y 
axes. Note that the y component represents the normal 
force on the load-bearing region of the bones. Both the x 
and y components of this force cause synovial fluid to be 
squeezed out of the bearing space. 
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i^i = 4 kN 

/ 















"^2-36. If (/) = 30° and F2 = 3 kN, determine the magnitude 
of the resultant force acting on the plate and its direction 9 
measured clockwise from the positive x axis. 

R«ctaiigaLurCoiii|poa«iils; By i^femng to Hg^ a, the xand y components of F| » F2, and F3 can be writt«t as 



{fi)j, =4mii30'* = 2t£N 
(Fa)x=3coa30''s= 2.598 fcN 



Am 



{Fijy = = 3.464kN 

(/2)y-3sin30^=L50kN 



netuHuit Foro«; Summing ttte force cotnponenis algebraically along ttie jt^and y axes, 

+ t )y - IFy; iFn }y = -3.464+ 1.50 -3 = -4.%4 kN = 4964 kN i 
The omgnitude of tbe resultant foiee is 

= >x^ + (J^r = J*S9a^ +4964^ = 6.77 kN J 
The direction angle 9 of F/^ ^ Rg. measured clockwise from the positive Jiaxis^ is 



■ 



1 



i 



ATT 




t5L(fj^ 



^J^^&t^ 





4 X F3 = 5 kN 
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•2-37. If the magnitude for the resultant force acting on 
the plate is required to be 6 kN and its direction measured 
clockwise from the positive x axis is ^ = 30°, determine the 
magnitude of F2 and its direction 4>. 

Rectaogiilar ComponeDte: By refening to Figs, a and the jc and y components of F| , F2, and F^^ 
can be written as 



Fi = 4 kN 



=4sin3D' = 2l£N 



(Fl )y = 4 mSOr = 3.464 fcN 



■ 



i 




7"X = 5 kN 



ResnltaittPinve; Sunmitng fhcfon^coinpcmentsdgebfaicalJy along the jrand yaxes^ 



t.'LiFii = ZFxl 5,196 = -2+ Fjoos^ +4 
F2Cos^ =3.196 

+ 1 3:(Fj2 )^ = IFyi -3- -3,464 F2 sin^ ^3 
F2 = 3.464 



0) 
(2) 



Solving Eq$, (1) and (2), ykMs 

^ =473* F2 =471kN 
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i^i = 4 kN 

/ 















2-38. If (/) = 30° and the resultant force acting on the 
gusset plate is directed along the positive x axis, determine 
the magnitudes of F2 and the resultant force. 



■ 



1 



Recto ng p ta r CqmponcDfa: By raf erring to Rg. a , the Jt and components of , F2 1 and Fjf can be written as 



4kN 



(F, )y = 4cos30* - 3.464 fcN 



= 3kN 



Resnttaiit Fotice: Siunming the foice components algebraically along die jrand ^yaxes* 
+ T )j, ^ 0 =-3.464 + 0.5^2 ~ 3 

=12.93 kN = 12.9 kN 
t,UFR)x^lJ^^\ =-2+ 0.866Q(12,93)+4 




Ana. 




4 X F3 = 5 kN 
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2-39. Determine the magnitude of and its direction 6 
so that the resultant force is directed vertically upward and 
has a magnitude of 800 N. 



600 N 



400 N 




Scalar Not4tioH Sunung tbe fofte oatuponenct alfeMcaDy, we tu(«« 



A Fft^^lF,; JJ^ = 0 = /isiiia+400ccM3ir'^60oQj 

/5ain9=l33J [I] 



_ ___ 



Sohriog Eq.[l] and f2] yidxls 

e = 29.P Fi =i275N 



Ans 




X 
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"^2-40. Determine the magnitude and direction measured 
counterclockwise from the positive x axis of the resultant 
force of the three forces acting on the ring A. Take 
= 500 N and ^ = 20°. 



600 N 



400 N 




Scafar Naiaiion .* Suming the force comporunti alfebrucilly, we hjtvt 

A f^^ ^ZF,: Fjt^ = SOOsm 20^ + 400601 3(f'60oQj 
^ 37.42 N ^ 

+ 1 /i^V= ; JOOoM 20^ + 4005111 30' + 6O0^^ j 

= 1029,8 N T 

Th« mo^nitiide of the i«sultaiii fofoe Fg is 



VVI n 



3d. 



/ 1 f ^'^t 



^ = = /37.42I+ 1029.81^ 1030.5N= 1.03 kN Aiu 

The dntciioiia] angle 0 measured countoclockwtse from poatitvex axis y 
xh -i/*I029.8\ 
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•2-41. Determine the magnitude and direction 0 of so 
that the resultant force is directed along the positive y axis 
and has a magnitude of 1500 N. 



= 700 N 




5cAlar N^Htti^tt : Suraing the Tonieooitiponetits algeibraically, we have 



{!] 



f ft 



17 I 



T 
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2-42. Determine the magnitude and angle measured 
counterclockwise from the positive y axis of the resultant 
force acting on the bracket xiF^ = 600 N and Q = 20°. 




fi^4 = TOON 



S<tff^ Namtam : Suming the foroe ODmpofwna ilgefar«killy.r wc hav« 

= 811.4 N T 
The Riajnimde of die ttsultant far^ Fji is 

The dtrectioiiat angled mfiasu[edooufiiwclockwi«efoim positive y axkii 
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2-43. If (j) = 30° and = 250 lb, determine the 
magnitude of the resultant force acting on the bracket and 
its direction measured clockwise from the positive x axis. 

Rectangular Components: By lefening to Fig. a. the jc and y components of F], F2,and F3 can be written as 
(/J), =250cos30^ = 2l6L51Ib (fi)y = 250sin3(y»= 1251b 



(/^8)x-300[lj = 

Rcsoltut Force: Summing the force components algebraically along the jc and yaxes, 



:2401b 
:1001b 



(^)y 



:300^|j=180lb 
= 26ofi2j= 2401b 



U^Fr)^^1Fj,; (Fjj)j^- 216.51+ 240- 100 = 356.51 lb 
+ =IFy; (Fji)^= 125 -180- 240= -295 lb =295 lb i 

The magnitude of the resultant force ¥/( is 

''r =J(''if)x^ =^35631^ + 295^ =463lb 
The direction angle 0 of Fj^ , Hg. b, measured clockwise from the positive jcaxis. is 



i 



X 




f=3oolb 




F, = 260 lb 



Am. 




F, = 300 lb 
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"^2-44. If the magnitude of the resultant force acting on 
the bracket is 400 lb directed along the positive x axis, 
determine the magnitude of and its direction cj). 




Fo = 300 lb 



F3 = 260 lb 



RectangDlar Components: By referring to Fig. the jcand y components of Fj , F2, and F^ 
can be written as 



(/i)j, = 300^ij=240Jb 

(F3);, = 26o[^-|j = 1001b 
(Fr)^ =400Ib 



(F2)3, = 300^|j = 180H> 
(i^)^ = 260(^j|j = 240lb 



Resultant Force: Summing the force compofienls algebraically along the Jtand y axes, 



%^Fr)x = ^Fx> 4O0=ficos^ + 24O- 100 

/^sin0 = 42O 

Solving Eqs. (1) and (2), yields 

4> = 58.2^ = 494 lb 



(1) 
(2) 



Ans* 




Co,) 
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•2-45. If the resultant force acting on the bracket is to be 
directed along the positive x axis and the magnitude of is 
required to be a minimum, determine the magnitudes of the 



resultant force and F^. 




F. = 260 lb 



Fo = 300 lb 



Rectangnkr CompQiieiits: By rcferring to Figs, a and the x and y components of F| , F3, and 
can be written as 



{/^)y = 2«)[^^j = 2401b 



ResDllant Force: Summing the force components algebraicatty along the Jtand y axes. 



sin^ 

t,l^Ff^)j^ = lF^; Flf -Flcos0+24O-lOO (2) 
By inspecting Eq. wc realize that Fi is miiumum when sin^ =^ 1 or ^ = 90^ .Thus, 



a) 



Fi = 420 lb 
Substituting these results inta Eq. (2), yields 
Fr = 140 lb 



Ans. 



Ans* 




11 



Cl>) 
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2-46. The three concurrent forces acting on the screw eye 
produce a resultant force = 0. If F2 = | and is to 
be 90° from F2 as shown, determine the required magnitude 
of F3 expressed in terms of and the angle 9. 

C<at€simt V^ttor Nomioni 

2 2 
= 0.5774^14 -0.3333/; j 

R§suitani Foret : 

Pjf nO =F, +Fj +Fj 

0 = (0.50^; + 0.5774/5 - ^5 sin e> i 

+(0.8660/^ -033331^ cos 

Bquatii^ j and J components, wc fiAve 

QMF^ +0.3774/^ - 1^ sin 9 =± 0 [1] 

0. ^mFi - a3333/^ - /; cot 0 c 0 [2] 

Solving Ei|.[l]ind [2] yields 

d = 63.T" /5 = 1-H)i5 Aiu 




2-47. Determine the magnitude of F^ and its direction 6 
so that the resultant force is directed along the positive x 
axis and has a magnitude of 1250 N. 



Sevist N^t^i^ti : Sumiitg thcforoeconipoiwnis algefanieaay, we have 
4 fi^^tF,; 1250:^F^aind+800cM3€^ 



SoEving£q.[l]ai)d[2]yifi]di 



[11 

in 



Aiu 



r 




Fb = 800 N 
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"^2-48. Determine the magnitude and direction measured 
counterclockwise from the positive x axis of the resultant 
force acting on the ring at O if = 750 N and ^ = 45°. 




Seaiar SoiaiUti : Surning the foiee components atfebraically* we hive 
=> 1223J5N-» 
= im33N T 



^/TmApTmW^imN^ijnks Am 

The direciional an^le $ measiued couniodoclewise from positive jr axis it 




•2-49. Determine the magnitude of the resultant force 
and its direction measured counterclockwise from the 




Fj, = ZF = {-103.051- 42,57 

F3 = 50 lb 



Fji = ^(-m05)^ + MZ57>i ^ ni lb An* 
d=180«-^22.4*' = 202** Ana 
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2-50. The three forces are applied to the bracket. 
Determine the range of values for the magnitude of force P 
so that the resultant of the three forces does not exceed 
2400 N. 



SOON 



3000 N 




+ Tfiiy a If^l Fa, ^ SOOiin 60* * SOOOjIaJO- « 2JWJ2 
/i = - imM)^ * (2192,82^ S 2400 
(P - 219S.08)' ^ (219182)' £ (lAObf 

HP - immn £ 975,47 

-973.47 S F - 21M.0S £ 9T3j47 
122X6N S P S 3173JN 
1.22kl« i P 3.17kN Am 
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2-51. If Fi = 150 N and = 30°, determine the magnitude 
of the resultant force acting on the bracket and its direction 
measured clockwise from the positive x axis. 

Rectaognlar Componeiite: By referring to Fig. a, Ihe jcand y components of Pi , F2, and F3 can be written as 



= 150sm30* ^ 75N 



<^^>j, =l50cos30'*= 129.90N 



ResnltBnt Force; Summing the force components algebraically aiong the jc and y axes, 

t>EC/^R)jc=£^i; {F^)jc = 75 + 200+ 100= 375N -> 
+ tXiFR)y^IFy; (Fj?)3, =129.90 "240 = -imiON= 110.01 N I 

The magnitude of the r<esultant force Fj; is 

^R=4(fR)x^HfR)y^ =J375^ + Iiai0^ =391N Ans. 
The direction an^e ^of F^ , Fig. b, measured clockwise from the positive jcaxis, is 




F3 = 260 N 



Ans. 
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"^2-52. If the magnitude of the resultant force acting on 
the bracket is to be 450 N directed along the positive u axis, 
determine the magnitude of and its direction cj). 

Rectangular Components: By referring to Fig. a, the xand y components of , F2, F3 , and F^ 
can be written as 



(fl)^ =/lsin^ 
(F2);c = 200N 

(F3)^ = 260(^^j = 100N 
(/7f = 450cos30° = 389.71N 



=ilCOS0 



(^3)1 



2401b 




(F/?)y = 450sin 30*^ = 225 lb 



Resultant Force: Sununing the force components algebraically along the jcand y axes. 



t,U Ff^ )jc = S^jc; ^9.71 = sin0 + 200+ 100 

sin 0 = 89.71 
+ TZ(F/e)y =IFy; 225 = /icos0-24O 

flcos0 = 465 



(1) 



(?) 



Solving Eqs. (1) and (2), yields 



0 = 10.9^ 



/5 = 474N 



Ans. 




Hi— N 




= 260 N 
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•2-53. If the resultant force acting on the bracket is 
required to be a minimum, determine the magnitudes of 
and the resultant force. Set 4> = 30°. 



R^cfaognlar Componentss By i^eferriug tx> Fig. a, the xand y components of Fj , F2, and F3 
canbe wiittenas 



IWN 



24QN 



RemltaDt Force; SymmJiig the fores componecits algebiaically along the Jtand )?axes, 

^ 0.5/| + 300 

The magnitude of the residtant force Fj^ is 



Thus, 



= J<0.5ii + 300)^ + (0.866afi - 240)^ 
= ^f\^ ' 1 ISMFi + 147600 

Fj^ 2 = -nSMFx-^ 147600 



a) 



The fust derivative of Eq. (2) is 
and the second derivative of Bq. (1) is 



(2) 



(3) 



<4) 



For Fjf (o be miimmiin> = 0. Thus, from Eq, P) 

2Fr ^ = 2fi - 115169= 0 
=S7.S4N=57.8N 
Snbsdtutiiig = 57.84 N smd = 0 into Eq, (4), 



= 0.00263 >0 



Thus, I\ = 57.B4 N produces a miniimnn ^ From Eq. (1), 



1(57,84)* - 1 15.69(57-84)+ 147600 = 380 N 



Ans* 




F3 = 260 N 





(a) 
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2-54. Three forces act on the bracket. Determine the 
magnitude and direction 6 of F2 so that the resultant force is 
directed along the positive u axis and has a magnitude of 50 lb. 



F3 = 52 lb 




Si^aiar N^mion : Suming force oomportena algebratcaUy, we htve 

i|cos (25'+ &} = -54.684 [ 1} 

+ t JJ ?=Xi;; -50sm25'' = 52^Hj-/isin(25-+d> 

Jism{25'' + fl) = 6Sl.lSl 12) 

Solving [ 1] and t2I ym\ds 

25*" + = 12s J5* 0 = 103" Am 
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2-55. If F2 = 150 lb and 0 = 55°, determine the 
magnitude and direction measured clockwise from the 
positive X axis of the resultant force of the three forces 
acting on the bracket. 



ScalMT Nomi&n ^ Suming Oie force components algebnupaDy, wc have 

» 126,05 lb -> 

= -99,72 lb = 99,72 lb i 
The magniiwle or lisc resultant foioeFji Ls 

^ = ^ / 126,051 + 99.721 ^ 161 lb 



The diitcuonal angk & measurtd dockwisc from |Msiiiv« x aus is 



F. = 52 lb 









"^2-56. The three concurrent forces acting on the post 
produce a resultant force = 0. If = \^\^ ^i^^^ ^\ is to 
be 90° from F2 as shown, determine the required magnitude 
of expressed in terms of and the angle Q. 
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•2-57. Determine the magnitude of force F so that the 
resultant force of the three forces is as small as possible. 
What is the magnitude of this smallest resultant force? 



fl? - (-< 1244- F CM 4yf ♦(?- f tia 45*)* 



(I) 



2ii^ - 2(-^1244-Fooi 45*)(-« 4r)*2a-FiiB 45«)(-fi0 45^ -0 

PfoaBq. (1); i% -7.rkN Am 

AliOt firxB flgm raquks 

{Fkh'»OmZF,'i ^♦Utiai5«-laM4r«0 

FmttnkS Am 
{Fi), mZF,-; Fk - 14oot ir-8tia45« 
4«7.rkN Ah 



14 kN 




► 8kN 
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2-58. Express each of the three forces acting on the 
bracket in Cartesian vector form with respect to the x and y 




Fi = {Fi cos 01 + sinflj} K Ans 
\ - {3501} N Ads 
= {-lOOj} N Am 

% = 600 cos30^i -H 6(M) sin30^j 
Fr = {519M + 300J} N 
ZF 

Equaling the f andj camponants yklds : 
519.6 = Fi co&$ + 350 

cose = 169.6 
300 = am 0 " 100 
15 siad = 400 

i f 400 1 

e = tan'M — — = 67.0^ Am 
Ll69.6j 

1? = 434 N ' Aas 
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2-59. Determine the coordinate angle y for F2 and then 
express each force acting on the bracket as a Cartesian 
vector. 




F2 = 600 N 



Rectangular Compoaeots: Since 008^02 + 008^^2 + 008^/2 = ^ ^Ylz - ±"11- 45**- 008^60** = ±D.5. 
However, it is required that 72 >^°» ^2 = oo8~*(-0.5) = 120°. By resolving Fj and F2 into their and z 
componeats, as shown in Hgs. a and b, respectively F] and F2 can be expressed in Cartesian vector form as 

Fi = 450co8 45°sin30°(-l)+ 45000645" cos 30° 450sin45°(+k) 

=r{-159l+276J+318k}N Ana. 
F2 =600cos45°l + 600co8 60°J+600cosl20°k 

= {4241 +300j- 300k} N Am. 



2- 
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"^2-60. Determine the magnitude and coordinate direction 
angles of the resultant force acting on the bracket. 




F2 = 600 N 



Reetaiigiilar Compoiieiitss Since oos^ ©2 + oos^^2 + cxss^/a = ^ ^T2z = Wl-oos^45''- oos%r = df).5. 

However, it is required that a 2 > fCT, thus, 72'^^"^ (-0.5) = 120*. By resolving Fi and F2 into their x, y, and z 
components, as shown in Hp. a and respectively, Fj and F2, can be expressed in Cartesian vector fonn, as 

F| = 450COS 45**sin30'^- 0 + 450cos45^ cQs30*(+i>+ 450fiin45'C+k) 

= {-159. m + 275.57j + 3 l8J0k>N Anau 
F2 =600cos45n + 600cos60^j + 600cosl20*k 

= {424i + 300 j - 300k} N Aim. 

Remltent Force: By adding Fi and F2 vectorally, we obtain Fj^ . 
Fif-Fi+F2 

^ (-159,101 + 275.57 j + 3 ia20k) -I- (42426 i +300j - 300k> 
={265J6i + 575.57j+ ia20k} N 

The magnitude of ¥ji is 

=^255, 16^ + 575.57^ + 18^^ = 633.97 N = 634N Ani. 
The coordinate direcdon angles of Fj; arc 



Ads* 
Ans. 
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•2-61. Express each force acting on the pipe assembly in 
Cartesian vector form. 




Fi = 600 lb 



F, = 400 lb 



Reefang^Cbmpoiieiils: Since «»^a2-*' oo^^J^Z^ cos^72 =llheii cos^2 =±4l-cos^ 120* -40.7071. 

However, it is i^uired that ^2 > ^'^y ^2 ~ 00s"' (0.7071) = 45"*. By resolving snd F2 into tfieirx, and z 
components, as shown in Figs, a and b, respectively, and F2» can be expressed ia Cartesian vector form, as 

Fi = 6oo^i j(+i)+Oj+ eofi^l j(+k) 

-[480U360k]N Ans. 
F2 = 400cos60**i + 400coe 45°j +400 cost 120^k 

^ [200£+2S3j - aOOklN Am. 
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2-62. Determine the magnitude and direction of the 
resultant force acting on the pipe assembly. 




Force Vectors: Since oQS^a2^Gos^ Pj + cas^n - l^^^ <»sr2 = ^1^* - - = 

However, it is required thai y 2 < ^^ 72 = 00s a707J) = 45'. By resolving Fj and F2 into their Jt, > and z 

components* as shown in Figs, n and respectively, Fi and F2, can be expressed in C^iteian v ector form, as 



=^{4S0l+360k} lb 
F2 = 400cos60^i+400oas45''j+400oosi20'fc 
= {2001+ 28^84j^ 200k} ib 

EesDHajil; Foree: By adding and F2 vectoratly, we obtain . 
Fj^ =Fi +F2 

= (4gOi + 360k) + (2001 + 282.84j - 200k) 
={680i+ 2a2.S4j+ I60k} lb 

The magnitude of Fj^ Is 

= Je80^ + 282.84^ + 160? ^ 753.66 lb = 754 lb Ans, 
The coordinate diieetion angles of F/^ are 



Am. 



Ans. 
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2-63. The force F acts on the bracket within the octant 
shown. If F = 400 N, ^ = 60°, and y = 45°, determine the 
X, _y, z components of F. 




Coordinate Dtrection Aiigfes: Since p and ym known, the tturd angle a can 
be determined f mm 

COS a = ±0.5 

Since P is in the octant shown in Fig. a, 6^ ^ greater than W** Thus, 

Rectangular ComponeDls: By ref emaf to Fig^ a,f^x,y, and z oomponenis of F can 
be Wfitlen as 

Fj, = Fcosa = 400COS 120^ = -200N Ans. 
Fy =rcos^=400oos60°^200N Ans. 
F^-F C0S7 = 4(M) COS 45*^ = 2S3 N Aii& 

The negative sign indicates that is directed towards the ne^tive j^^s. 
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"^2-64. The force F acts on the bracket within the octant 
shown. If the magnitudes of the x and z components of F 
are = 300 N and F, = 600 N, respectively, and (3 = 60°, 
determine the magnitude of F and its y component. Also, 
find the coordinate direction angles a and y. 

Rcctiiigiilar Cmnponeiilss The magnitude of F is giv en by 




(1) 



The m^tude cf Fj, is ^ven by 
Fy =fcos60^=0.3F 



(2) 



Solving Eqs. (1) and (2) yields 

F = m60N^775N 
=387N 



Aii& 



CcMHtliDate Dilution Angles; Since F is contain^ in the octajit so that 

IS directed towards the negative jr axis, the cootdinate direction angle &x 
is given by 



Ans. 



The third coordinate directi<m angle is 
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•2-65. The two forces and F2 acting at A have a 
resultant force of = {-100k} lb. Determine the 
magnitude and coordinate direction angles of F2. 




CmtMitm VtciQr N^iaiian : 
Fff = {-100k} Lb 

F, = 50*coa 30*1 +COS 50"sui 3<rj- sin srkj lb 

Retutiani Force: 

-iOOk = { ( - 33,40) i + ( Ji^ + 19M) J + ( /i, -45,96) k} 

Equating J, j and k components, we have 

^^-3140 = 0 33.40 lb 

iq' -45,% = -100 ' ^ -34.04 lb 
The roagnimde of foroe F^ is 

=^66.39 lb = 66.4 lb 
Iht coordinate dinectioa angles for F, are 



Ana 



^, 33,40 

cos I3t= — - — 

ii 66,39 

^ -^^-^ 
* /i 66.39 
^ -54.04 
"^^^^ i5 ^ 66.39 



a = 59.8** 


Ana 


^= 107* 


Aof 


7= 144" 


Ana 



63 



Solutions 44918 1/21/09 12:01 PM Page 64 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the pubhsher. 



2-66. Determine the coordinate direction angles of the 
force and indicate them on the figure. 











50° 





f 1 = 60 lb 



Unii Vtctor For Poet F, ; 

tt^ a -COS 5(rcof 30«l +co$ 50'$in 30*J-sin yfk 
= -0.5567i + 0.3214J - 0.7660k 

Coordlnato Dirwetiom AmgUt : From Ihc unii vector obtained 
above, we have 

eoiarj -0.5567 a » 124* Am 
oi7//y=i0.32I4 ^»7IJ* Am 
CM r "-^7660 r-I^O* Ant 




2-67. The spur gear is subjected to the two forces caused 
by contact with other gears. Express each force as a 
Cartesian vector. 



3 ISO ISOoot nS'j-** tSO m 

o{goi-127J^90k} lb Atli 



F. = 180 lb 




Fi = 50 lb 



"^2-68. The spur gear is subjected to the two forces caused 
by contact with other gears. Determine the resultant of the 
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•2-69. If the resultant force acting on the bracket is 
= {-300i + 650j + 250k} N, determine the magnitude 
and coordinate direction angles of F. 

Fotre Veclors: By resolving and F2 into their jc y, and z components, as shown in Hg. 
F| and F2 can be expressed in Cartesian vector form as 

Fi ^750ocw45**cos30**(+i) + 750oas45^sin3r(+J)+ 7508rn45'=(-it) 
== [459.28i + 26SJ7j ^ 530.33k]N 

F ^ F oosiri + /'cos fl+ f 00& ]k 



Force: By adding and F vecloi^ly, we obtain . Thusi 
Fj; =Fi +F 

-3001 + 650 j + 2^k - (459,28i + 265. 17j - S3n33k}^(F cos Bj^i+FcosBy$ + Fcas B^k ) 
-3001 + 65«) j + 2m = (459.28 + F cosfij. )i + (265. 17+ Fcos By )j + <Foo8 6^ - S30 J3]k 



EqiJ^ng the i, and k components, 
-300 = 459.28+Foosa 
F cosa ^ "759.28 

650=26117 + Fcos^ 
Foos/? = 3S4.83 




= 750 N 



250 = Foos7 -53033 
F cosy = 78033 

SquatiQg and then adding Eqs. (1), (2), and (3), yields 

F^Ccos^OC 4- cos^ i5 +COS ) = 1 333 518.08 

However, oos^ a -foos^ fi+cos^y = i^Thus, from Eq- (4) 
F^I154,78N=1.15kN 

SubstiMing F= U54.78 N intoEqs. (1), (2), and (3), yields 
a=l3P 0 = 10.5^ y=47^ 



(I) 



(2) 



(3) 



(4) 



Ans. 
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2-70. If the resultant force acting on the bracket is to be 
= {800j} N, determine the magnitude and coordinate 
direction angles of F. 

Force Veclora: By resolving and F iMo Ihdrjt, y, and ^componenls, aa shown in Figs. £> and c, 
respectively* Fj and Fcan be expressed in Oitsesian vector form as 

Fi = 750cos45* cos30=<+i)4-7SOcos 45''stn 3r(+j)+ 75{)sm45Vfe) 
= [459.281 + 265. 17 j - 530.33k JN 

F = F cosca + Foos fii- f cos )k 

Itesnltant Force: By adding Fj and F vectorally, Rgs. a, A, and we obfain W^. Thus, 
¥r =Fi-I-F 

800 j = <459.28i + 265. i 7j~ 53033k)+ ( Fcos o4 + F assfi-^ Fcos )k) 
800j= (459.28+ Fcos a )i + (265. 17 + F oosp) j+<Fcos y - 53033)h 




= 750 N 



Equating the i, and k components, we have 
0^ 459.28 +F2 008a 

Foosft = -459.28 (1) 



800 = 265J7 + Fcosj5 

FcGs^-5348 (2) 
0=Fcosy --53033 

Fcosr=^ 53033 (3^ 



Squaring and then adding Eqs. (1), (2), and (3), yields 

fHco&^cc + <x&^0 +cos^y) = Tm 235.93 (4) 

However, oos^ a +oos^ p + oos^y = L Thus, from £q. (4) 

F^=:8S2.17N=^N Abs, 



Substituting F = 8S2, 17 N into Eqs. {l>, (2), and (3), yields 

a-l2r p = S.7" 7 = 53.0" Ans. 
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2-71. If a = 120°, (3 < 90°, y = 60°, and F = 400 lb, 
determine the magnitude and coordinate direction angles 
of the resultant force acting on the hook. 



Force Vectors: Since oos^a + oos^P +008^7 =l»thcn cos/J =±Vl-co8^ 120*- 008^60" =±0.7071. 
However, it is required that ^ < 90°, thus, P = co8~*( 0.7071) = 45°. By resolving F] and F2 into their x, y, and : 
components, as shown in Figs, a and b, respectively, and F2. can be expressed in Cartesian vector form as 



F, = 600^1 jsin30°(+l)+600^ljco830VJ)+ 60(^| j(-k) 

=:{240i+415.69j-360k} lb 
F = 400CC8 120*1+ 400co845°j+ 400co860°k 
= {-200i+ 282.84j+ 200k> lb 



Resultant Force: By adding Fj and F vectorally, we obtain F^^ . 
F/j =Fi+F 

= (240l+415.69j-360k)+(-200i+ 28184j + 200k) 
={40i+698.53j-I60k>lb 

The magnitude of F/; is 

=^(40)^ + (698-53)^ + ( -160)^ = 717.741b = 7181b 
The coordinate direction angles of F^ are 



a=c»-'[i5Lkl = „„-'f_f2_]=86^ 
L Fk J Un.74j 




6*> 




Aw 



Am. 



Ams. 




(i'j 
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"^2-72. If the resultant force acting on the hook is 
= {-200i + 800j + 150k} lb, determine the magnitude 
and coordinate direction angles of F. 

Foire Vectors: By resolving Fj and F into thair Jt^ and :;:compoiie£it5T as shown in Fip. a and 
respectively, and F2 can be expressed in Cartesian vector form as 

m{2m + 415,69 j - 360fc> lb 
F = f cosci+ FooE fi-l- f oos)lt 

R^Dltant Fopoe; By adding F| azid F2 vectorally, we obtain Fj^ .Tlius, 
Fj^ =Fi +F 

-2OO1 + 800j ISQk = C 2401 + 4! 5.69j^ 360k )i' (Fcos $^,1 + F cxy&0yi 4- Fcos 0^ ) 
- 20ffi 4-800 j+ 150k = (240+ f cos a)i + (415.69 + F cosp)j + (F GOsy -360 )k 




Equating (he i J, and k component, we have 
"2OO=24O+Fcos0;f 
Fcosa =*440 



800 ^ 415.69 +Fc«»fl 
FcoeJJ= 384.31 



(2) 



150^Fcosy-360 
F cosy -510 



Squaring and then adtSng Eqs. (1), (2), and (3), yields 
F^(cos^a + cos^ J3 + cos ) = ^1 392.49 



(4) 



However, cos^a+cos^ p+ cos^y = i 
F = ra49N ^775N 



. Thus, from Eq. (4) 



Ass. 



Substatuiing F = 775.49 N into Eqs. (1). (2), and (3), yields 
a = 125^ p = 603*^ r = 4&.r 



Abs. 
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•2-73. The shaft S exerts three force components on the 
die D. Find the magnitude and coordinate direction angles 
of the resultant force. Force F2 acts within the octant shown. 




= 400 



Fi = 400i 

Smq!eeos^60*'+ cos^ ft + cos^fiO^ = 1 
Solving for tie positive rooi ft 45° 
1^ = 300cos'60^1 + 300cos4S^j ^ 300cos6(^k 
=1 ]50i-i'2I2.1)4^ 150 k 



Fil = Fi + ^ + F3 s 5501 + 52.1 J + 270k 

Fa = /{55flf)f* + £5X1)^ + QJC^ = 6W.9N =S1SN Am 

a ^ eoa"'f^^^) s 2i6,6° Ana 
\SU.9J 



2-74. The mast is subjected to the three forces shown. 
Determine the coordinate direction angles o^i, j8i, 71 of 

so that the resultant force acting on the mast is 

= {350i} N. 

Fi = SOO cosoci i + SOOcos^J + 5(M> coari^ 

350i = Sm cotsai I + C50Q oosfii - 300)j + (500 coari - 200)k 



350 = 500 COa«i ; 
0 = 500COS/J, - 300; 
0 - SOOcosyt - 200; 



a. ^ 45.6" 



Ans 



ft = Ans 




= 300 N 
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2-75. The mast is subjected to the three forces shown. 
Determine the coordinate direction angles 0:1,^1,71 of 
so that the resultant force acting on the mast is zero. 

Fi = C 500 fmai I -I- SOOoos^i J + 500 cosr 1 k} N 

^ = {-mk} N 

^ = {-30(a>N 

Fj, =iFj + ^ + 1^ = 0 

SOOcosofi =^ 0; ai = Sir Aw 

SOOcosjSi =m A = AM 

SDOcosrj = 200; ri <S6.4* AiW 




F3 = 300 N 



"^2-76. Determine the magnitude and coordinate 
direction angles of F2 so that the resultant of the two forces 
acts along the positive x axis and has a magnitude of 500 N. 



Fi = (iSOcos lS')Am6(? i + (180 cos I5')aa60'l- l»<tal5»k 
= 150J7U 86.93 J-46.59k 

F^moii^ Fico&pi}^ n<^n^ 

(500 i| K 
Fj, = F, + ^ 
I components i 

500 s 150.57 + Fioosot 



Fit ^F'l coiOi = 349.43 



J 



0 3 86,93 ^Ftiospi 
l^, ati^ coift = -86.93 



0 a -46.59 -I- ^ COSH 




180 N 



thus, 



- Vil + • /C349.43)' *(-iS.93)* + C46.5»>> 

/I* 363H Au 

« tl8° Apt 

A - 104^ Am 

n - 12,6* An 
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•2-77. Determine the magnitude and coordinate direction 
angles of F2 so that the resultant of the two forces is zero. 



Oil* fill* hf^n^ 

I 



i% cot 71 « 46.39 
Am 

at 147* Am 
A - nr Am 
n - T5.0f JIM 




180 N 
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2-78. If the resultant force acting on the bracket is directed 
along the positive y axis, determine the magnitude of the 
resultant force and the coordinate direction angles of F so 
that p < 90°. 



Force Vectors: By raBoiving F| and F into thrarJi; )\ and z components, as shown m Figs, a and 




respectiveLy, and Fcan be expressed m Cartes^ian v«rtor fonn as - 600 N 

Fi = 600cos30''sin30'X+i)+600coB30^coi30^+J) + 600sin30'(-k) 

=={259.8 1 1 + 450J " Sm.} N V 
F=500oosal + 500«3S^+500a»?k 7 



Since the resultant force is directed towards iJie positive y axis, then 

ResnltButFbree: 

Fjq^ i= F| + F 

Fjti =( 259.8U + 450j - 300k) + (50000S 6^1 + SOOcos 9y j + 500oos ) 
f}, J = C 259,S1 + SOOoos a}i ^ (450+ 500 oosp + (SOOcosy - 300)k 

Equating the i j. and k components, 
0^259.SI + 500coaa 

a=12l.3r^l21" Ans. 
/if =^-i-500oos/J (1) 




0=^500o»y-300 
r = 33J3*=53J<' 



However, since caa^ot + cos^jS +cos^7 = 1, a= I213r,and r =53.13° 



a»p=±Jl^ctJs^l213r-oos^B.I3'* =m6(®3 

If we subsiitute cqs/3 - 0.6083 tnto Hq, <1), 
Fg =450+300(0.6083)= 754 N 



and 



j9"C0fl^* (0.6083) = 52.5° 



Ams. 



Ans. 
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2-79. Specify the magnitude of F3 and its coordinate 
direction angles 0:3, ^83, 73 so that the resultant force 
F^= {9j}kN. 



10 kN 




Fi = 12 kN 



Fi = I2cos30''|- U sin 30* It = i0.392j^6k 



^ " + "^(10) k = -9,2311 + 3.846k 



Require 

F^i = Fi + ^ + fj 

9i ^ 10.392 j - 6k - 9.23U + 3.846k + ^ 
= 9,231 i- L392j + 2,154 k 

f 3 ^(9.231)^ + (-L392>' + (2.154)* 
= 9Jai k^J = 9.58 k^f Ans 



„ . «,-.fil«) = 77.0- 



Ami 
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*2-80. If ^3 = 9 kN, 0 = 30°, and (/> = 45°, determine the 
magnitude and coordinate direction angles of the resultant 
force acting on the ball-and-socket joint. 




Force Vectors; By resolving F|, F2 and F3 into their jc, and ccompoficncs, as shown in Fig^. 
respectively, Fj, F2 and F3 can be eTtpressed in Caitesian vector fonn as 

F| = lOoofi e(rsjn30°t-l)+ lOcos^fT'cofiSO^C+jl'f lOsin 60^{-k) 

F3 = 9oos 45=sjn30 9ca545'^cos30^(--j) + 9sin 45<*(-k) 



Resaltant Force: By adding F^ ^ F^ and F3 vectorally, we obimn Fj; ^ Thus, 2 
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•2-81. The pole is subjected to the force F, which has 
components acting along the x, y, z axes as shown. If the 
magnitude of F is 3 kN, = 30°, and y = 75°, determine 
the magnitudes of its three components. 

cos^oc + cofl^^ + co«^7 = 1 





« 64,67* 








= 3 00364,67" 


= \Mm 


Ans 




= 3 = 




AOS 




^ 3 eosTS*" = 


0,776 kN 


Alts 




2-82. The pole is subjected to the force F which has 
components = 1.5 kN and F, = 1.25 kN. If ^ = 75°, 
determine the magnitudes of F and F . 




coa^a + cm^p + co^y = 1 
F=2,02kN 

Fy = 2.02 cob75^ ^ 0323 kN 



Am 
Ans 
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2-83. Three forces act on the ring. If the resultant force z 
has a magnitude and direction as shown, determine the 
magnitude and the coordinate direction angles of force F3. 




y 



X 



{42.43i-l-73.4aj + 84.85!t} 

Equaling i, J and k components, we have 

64.0+/;^ » 42,43 = -2LS7 N 

48,0- 110+ =- a4,S5 5' = 146 J5 N 
Ibe nugitiwie of forte a 

^ l6tiN Am 



The coonlinafie directioii uigted for Fj we 



K -21.57 „ ^ 



An 



COT 5. ^ = /J s 63.r Am 

^ ^ 163,62 

^y^^JJ^ r^tJS^ Am 




cos Aj, = 0J336 o 69,3° Am 
co3^«= 0.6124 ^j,=S12° Am 
coi 7, =0,7071 Ya «45.0' Am 
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•2-85. Two forces and F2 act on the bolt. If the resultant 
force has a magnitude of 50 lb and coordinate direction 
angles a = 110° and (3 = 80°, as shown, determine the 
magnitude of F2 and its coordinate direction angles. 



(1)'' = cos* 110^ -f- cos*8<r + cos^r 
r = 15X44^ 

50 cosUO* = i^h 

50 co&9(f = i^^y 

50 casl57.44" = (1^), - 20 

<Ji), = -17,10 

Cii), = -26.17 

J5 = /(-i740>i + (8.68)1 + <_26.17)2 = 32.4 lb 



^1-17.10^ 



Am 





AT 




ysJso" 


110°- 




F2 


= 20 Ib^ 


r \ 





Fj, = 50 lb 



2-86. Determine the position vector r directed from point 
A to point B and the length of cord AB. Take z = 4 m. 




Fofiltioii VedOT! The coordinates for points Aaud B arc A(3i 0, 2) m and 5(0, 6, 4) m, 
respectively. Thus, 

r^=(0-3)i-K6-0)j'f(4-2)k 

={^3l + 6i-f-2k}m Am. 



The length of cond AB is 



r^=J^3)^ + 6^ + 2^=7ni 
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2-87. If the cord AB is 7.5 m long, determine the 
coordinate position +z of point B 

Posi^n Vector: The coordinates for points Aand B are A(3, 0, 2) m and B(0, 6, z) m, 
respectively. Thm, 

r^=(0-3^ + C6"^0)j + {c-2)k 
={-^i+6j+<::^2)k}m 

Since the hng^ of cord k equal to die magtiitude of , then 



56.25= 45 + (z-2)^ 
z = 535 m 




2m 



Alk& 



"^2-88. Determine the distance between the end points A 
and B on the wire by first formulating a position vector 
from Ato B and then determining its magnitude. 




r4t (B lin 60»-C^1 sm 30*)) I + (« ooi W - 3 cos 30*)J + (-2 - 1) k 
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•2-89. Determine the magnitude and coordinate z 
direction angles of the resultant force acting at A. 




Fow« Vectors; Multiplying the magniUwie of Ihe foroe with its unit vector, we have 

% ^F^iiB =60o|^|i-|j--^kj = {400i"400j-2Cm^ \b Am. 

Fc =Fcnc =75(/ii+|.j-|k] = {250i+50C|j-500k}lb Aan. 



F|f = + Fc = 400i - 40(tt - 200* + 250i + 50qj " 500k 
={650t+100j^700k>lb 

Fa = J650^ + 100^ + (-^700)^ = 960 lb Ans. 
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2-90. Determine the magnitude and coordinate direction 
angles of the resultant force. 




Taj ^ 4 k}m; Fj^^ s 4.472 m 

u^t ^ = - 0.447 J - OJHk 



T^c ^ (41 + 6J-4 k\m; i-Ac »S.24am 



"—-(Is)-- - 

= 0.4*5 1 ^0,728] -0.485 k U2I.64J 
Fj^c » JOOpac « {241541 + 36180J - 24134 klN r » U2L64 J ° 

¥m =1 (242,541 + 95.471 - 779,20k| 

Fjt M ^(24154)1 + (95.47)* + (-779.20)* =821.64 a 822 N Aw 
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2-91. Determine the magnitude and coordinate direction 
angles of the resultant force acting at A. 

Force Vectorst The unit vectors u g and of and must be determined firsL From Fig. a 
_rB _ (4.5sin45°-0)i + ("4.5oos45^-Q)j'-h(a-^6)k 

^ J<4.5sin45" - 0)^ + (^,5oos 45^ - 0)^ + (0 - 6 )^ 
= 0.42431- 0.4243j-0.Sk 
„^ ^ (-3-0)i + (-6-0)j+(0-6)b 
Jc-3 - 0)^ + (HS - 0)^ + (0 - 6)2 
1 2 2 

3 r 3 

Thus, the force vectors and F^^ are given by 

Fa =^B0 5 =900C0.424S^0.42^j-0.8k) = {3SLS4i-3SL84i-720k>N 

Fc =%ac =6*M|^--^i--|j-|'fej=={-200i-400j-400k>N 
EcsDitaiit Force: 



Fjj =Fjs +Fc =(38l.84i-381.84j-720k) + (-200i-400j-40ak) 
-{lSh84 i - 78L84j " 1 120k> N 



The magnitude of Fj2 is 

= J(181.84)^ + (^781.84)^ + (-1 120)^ = 1377.95 N = i38kN 



Abs^ 



The coordinate direction angles of Fjif are 



82.4** 



OS = 

{ 1377.95 ) 

-ir(^«>zl -if -1120 "1 
7=cos _— i =cos = 144° 

I 1 1 1377.95 j 



Anfi; 




fB = 900N ^ 
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"^2-92. Determine the magnitude and coordinate direction z 
angles of the resultant force. 




X 



Fm = ^{-2M7f + i-nm)^ + (- 1 15.0)' = 117.27 !!>=> iHIb Aoi 



•2-93. The chandelier is supported by three chains which 
are concurrent at point O. If the force in each chain has a 
magnitude of 60 lb, express each force as a Cartesian vector 
and determine the magnitude and coordinate direction 
angles of the resultant force. 



R « 60 



(4cqs3yi-4siD3(y>J-6k) 

« [2S.8I - 16.6 j - 49S fcUb Am 
(-4oo8 3(f i-4sip30°J- 6k> 



60- 



(- Z%.%i^ 16.6 j 49S kf lb AOS 



fit = 



(33.3 J - 49.9 k) lb Ans 



1501b Ads 
a = 90^ Anfl 

^ fX)'' Aim 
r= 180^' Ans 
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2-94. The chandelier is supported by three chains which 
are concurrent at point O. If the resultant force at O has a 
magnitude of 130 lb and is directed along the negative z axis, 
determine the force in each chain. 

= F ^^\r , ^^^ , = 0.5547 fj - 0.8321 

F«t =EF,; 130 = 3{0.8331 F) 
F^52Ai}p Am 



-120° 



2-95. Express force F as a Cartesian vector; then 
determine its coordinate direction angles. 

UmU Vtfctor.'Ihecoordinaiesof pQiiit>k ire 



A(-10m« 70^sm lOcos 70°cos 30°, lOsin 70") ft 
= A (-1.710,2.962, 9.397) ft 



Then 



^AB = ([5 - (-1.710)] i + C-7- 1962) j + CO- 9,397) k} ft 
^{6710i-9,962j-9J97k} ft 

r^j = i/ej Itf + (-9.962)* + (-9.397)^ = 15.250 ft 

T^s 67104*9.9621 -9.397k 
u s — — 3 ™ 

^ 0,4400S - 0.6532J - 0,6l62k 

forc€ V«ci9r: 

F Fn^j = 135 {0.44001 -0.6532j*0.6l62k} lb 

= {59.4i - 884i ^ 83.2k} lb Ana 

Coardinalt Direction Atrgtes ; From the unit vector il^j obtained 
ahovcp we have 



CPS 0£ ^ 0.4400 
Ojj/J 3 -0.6532 
y = -0,6162 



a = 63.9° 
^=131* 
r=128" 



Aim 
Am 
Au 



40 ft 
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^2-96. The tower is held in place by three cables. If the 
force of each cable acting on the tower is shown, determine 
the magnitude and coordinate direction angles a, I3,y of 
the resultant force. Take x = 20 m, _y = 15 m. 




= mim - l6.S2j ^ 1466.71k} N 
Fjt ^ /(321.66)a 4^ (-16 ^2)* + (^1466.71)* 
« 1501,66 N = L50kN Am 

0 = cos M — - 3 90.6' 
_/-1466jA 



Am 
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•2-97. The door is held opened by means of two chains. If 
the tension in AB and CD is = 300 N and Fc = 250 N, 
respectively, express each of these forces in Cartesian 
vector form. 

IJmti V^Mt : Fiiat detenniiw iltc posidon vector r ^ , and tcD- coonliitf*e» of 

A\d, -(1 + I.5coi3(r),l.5tin30^^1 in = A(0, -2,299, 0.750) ro 
C(-230, - Cl + I.5cM3(r),Uiiii300'i m«C(-2.5a -2.299,0.750) m 



Thai 



^A* = {<O-0>l + [O-<-2,299)l|+(O-OJ5O)k} m 

= { 2.299J-0.750lt} m 
r^B = V2*299a + (M>.7S0)U 2.418 m 

= !l- = 2£W2^ ^ a9507j-O.31Olk 
Tjji 2.418 

5 - (-15) J I + [0- (-2.299) I j + (0- 0.750) k} ro 
= (2.001 ■i>2.299j-0J50k} m 

° V2.00> + 2,299* + (-0.750)^ = 3,138 m 
2.001 + 2.299J" 0.750k 



Force Victor: 



3.138 



^ 0.63731 +0,732^ -0.2390k 



Fa = ^a'^as =300(0,93071 ^0.3 lOlk} N 
= {Z85,2lJ-93.0«t} N 

= (2»5|-93.0k} N Am 

Pc = fi:^ct> = 250{0.6373f +0.73261 -0,2390k} N 
-{l39.33i + 183,l3j-59J5k} N 
t=(139i + l83i-i9Jk} N Aw 




2-98. The guy wires are used to support the telephone 
pole. Represent the force in each wire in Cartesian vector 
form. Neglect the diameter of the pole. 



Unit Vector : 

f^c='{(-l-0)i + (4-0)j + CO-4)k) m»{-U^^4j-4k} m 




rj,c ^ V(-1)*+4U(-4)U 1745 m 
tAc -»'^4J-4k 



-ai74ll +a6965i - 0,6963k 



r#i^*U2-0f)i+(-3-O)j + {O-5,5)kJ m»(a-3J-5.5k} m 
r,i> - i/2* + (-3)' + (*5J)* =i 6J76 m 



!!£ ^ -."Hr/'^!' -0,304U -0,456^ -a8363k 



*j;u^^*25O(-OJ74U+O.69fi3j-0.6963k}N 
^ (-43 J2l -¥ 174.08] - 174,08^} N 
» {-43.31 + mj-l74k>N 

F« ^I^Uio » 175 {0.304tl- 0.456^ -0J363k} N 
(53.221 -79J3J^ l46J6k} N 
«{33Jl'79.y-146k} N 



6.576 
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2-99. Two cables are used to secure the overhang boom in 
position and support the 1500-N load. If the resultant force 
is directed along the boom from point A towards O, 
determine the magnitudes of the resultant force and forces 
and F^. Set x = 3 m and z = 2m. 

Force Vecton: The unit vectors a ^ and must be deteimined first From Fig. a. 



(>2-0)i>f(0-6)j-K3->0)k 



J(-2-0)2+(0-6)2+(3-0)2 7 7 
0^ ^ (3-0)i-K0-6)j-K2-0)k 3, 6.. 2^ 
t J(3-0)2+(0-6)2+(2-0)2 7 7 7 



Thus, the force vectors and arc given by 



Since the resultant force F^ is directed along the negative y axis, and the 
load W is directed along the caxis, these two forces can be written as 
Fi?=-^i?j ^ W=H500klN 

Resultant Force: The vector addition of F/^ , F^;, and W is equal to Fj^ .Thus, 
Fn =F^ +Fc + W 

-FRi=[-^FB ) + (-| ^/^ - 1 Fcy[^^FB + 1 /t - 1500 jk 



Equating the t j. and k components. 

-Fr^-^Fb-'Fc 
O^jFb+jFc-1500 



Solving Eqs. (1). (2), and (3) yields 

Fc= I615.38N =1.62kN 
fa= 2423.08 N= 142 kN 
fij =3461.53 N =3.46 kN 



0) 



(2) 




1500 N 
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"^2-100. Two cables are used to secure the overhang boom 
in position and support the 1500-N load. If the resultant 
force is directed along the boom from point A towards O, 
determine the values of x and z for the coordinates of point 
C and the magnitude of the resultant force. Set 
Fb = 1610 N and Fc = 2400 N. 



Force Vectors: From Fig. a« 



rg _ (^2-0)if(0>6)j»f(3-0)k 

^ V(-2 - 0)^ + (0 - 6)^ 4- ( 3 - 0)^ 

_ If (Jc-0)i-K0-6)j-K:-0)k 



I-. 




1500 N 



Thus, 



24(Xk 



14400 . 2400c 



=^1 ===rj-r _ 

h36 .2^.35 J 



Since the resuJtBDt force Fj^ is directed along the negative y axis, and the load 
is directed along the caxis, these two forces can be written as 



and 



Rcsoltant Force: 

Fj? =F5+Fc + W 
-Fjj j= (^160i- 1380j+690k)+ 



W=(-1500klN 




240ac 



14 400 



2400: 



,^Jc^ + c^+36 Jjc^ + c^+36 ^x^ + c^+36 , 
■ — 460[i-f ■ 



+ (-1500k) 



240ac 



r+1380 



690+ - 



2400: 



+ :* + 36 



Equating the i, J, and k components, 
240QX 



0 = 



460 



240Qr 



14400 



.•(-I380 



36 



14400 



r = 460 



^71 = 



0=690+ . -1500 



J777T36 

2400: 



+ 1380 



0) 
(2) 



36 



^2 + .2^.3^ 



= 810 



Dividing Eq. (1) by Eq. (3), yields 

jc = 0.5679: 
Substituting Eq. (4) into Eq. (1), and solving 

: = 2.197 m=2.20m 
Substituting : = 2. 197 m into Eq. (4), yields 

x= 1.248m = l.25m 
Substituting x ~ 1 .248 m and : = 2. 197 m into Eq. (2). yields 

fi? = 3591.85 N =3.59 kN 



(4) 

Ans. 
An& 



Ans. 
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•2-101. The cable AO exerts a force on the top of the pole 
of F = {-120i - 90j - 80k} lb. If the cable has a length of 
34 ft, determine the height z of the pole and the location 
(x, y) of its base. 




F 120 , 90 . » - 

F 170 170 170 

r - 34a s i-Z4l - IftJ ' l€k\ tt 
Ihua, 

JC-Z4II Am 

>>Lgft Am 

t^l6ft Ana 
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2-102. If the force in each chain has a magnitude of 450 lb, 
determine the magnitude and coordinate direction angles 
of the resultant force. 



Force Vectors; The unit vectora u^.us.mdm^ must be deterrnined firaL From Rg, a, 

= -0J?70i + 034l Ij^ 0.9l9lfc 

(-3sjn3O°-0)H-(-3cos30°-0)j4-({l-7jk 



_ (-3sin3r-0)i+(3coB30'^-0)jH-(0^7)k 
Jc-3 siii30= - + ( 3cos 30" - 0)^ + (0 - 7 )^ 



= ^0J97<H- 03411 j -0.9191k 



7(^3 sm30* - 0)^ + C -3<3as 30" ^ 0)^ + (0^ 7)^ 
,C (3-0)»^(0-0)J^(0-7)lc ...... 

J(3-0)^+(0-0)^ + (0-7>^ 

Thus, the fOTce veclois , Fjj , ^ F(7 are given by 

Fa =^a^a =4SOC-0j970i+034llj^0.9l91fc)={-S8.631 + IS3.51|^413,62fc>lb 
^B=^B^B =450(-OJ970I^ 0341 JJ- 0.91 91k) ={^.63i-J53.51j-413.62k> lb 
Jt =/fcnc =450(03939i-0.9l91k)={177.26J-4l3.62k>lb 

RcsnltHBt Foitce: 



Fj? =P>i +Fb +Fc ^ (-88.631+ 153,5U -4 13,62 k) + (^.631 - I53.51j- 413.62k) +(177.261 -4l3,e2k) 
s{-1240.85k} ib 

Themagnittideof Fj^ is 

=Jo2+0^ + (-J240.85)^ = 1240 85 Jh = 1.24 kip Am 
The coordEitmte di reclion angles of Fj^ are 




L F„ J 1. 1240.85 J 



J 1^ 1240.85 J 




(a) 
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2-103. If the resultant of the three forces is 
= {-900k} lb, determine the magnitude of the force in 
each chain. 



Thus, the force vectors F^^ , , and F^ are given by 

=^A^A =-0.1970F^i+ 0.341 lF^j-0.9191F^k 
Fb ^^Fgus =-0.1970FbI- 0.341 lFBj-0.9191F5k 
Fc = Fc^c = 0.3939Fci-0.9191Fck 

Resultant Force: The vector addition of F^ , F^, and F^- is equal to F/j. Thus, 
F/?=F^+Fb+Fc 

-900k = (-0. 1970F^ i + 0.341 1 F^j - 0.9191Fyi k) + (-0 J 970 F^i - 0.341 IF^j - 0.9191Fb k)+ (^^^ 

-900k =(-0.1970F^ -0.1970Fb + 0.3939 )i + (0.341 IF^ ~ 0.3411Ffi )j + (-0.9191F^ -0.9191Fb - 0.9191/^ )k 

Equating the i, j, and k components, 

0 = -0.1970F^ -0.1970Fb + 0.3939Fc (1) 

0= 0.341 IF^ - 0.341 IF5 (2) 

-900k = -0.9191F^ - 0.9191Fb - 0.9191Fc (3) 

Solving Eqs. (1), (2), and (3), yields 

/r^ = = = 326 lb Ans. 



Force Vectors: The unit vectors a ^ , o 5, and must be determined first From Fig. a. 




■y 
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V^ac J s34- 34 34 ' 
To - 56o[52Sl= 36of-- 1+ -Ij - - k) - - 2401+ 160J - 480k 
Ft =- IF » (S01 + 320J -144ak}N 

Fi - /CBO)* + (320)^ + e 1440)1 « 1477.3 ^ 1.48kN An* 

a»co«-^f^22_l =849- An 
V 1477 J J 

fi , ^ 77.5- Am 
U477.3J 

U477.3J 
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•2-105. If the force in each cable tied to the bin is 70 lb, 

determine the magnitude and coordinate direction angles 
of the resultant force. 

Force Vectors: The unit vectors n ^ * n 5, n^;: and o ^ of F4 . F^, aiwl must be determined first 

From Fig. a, 

tt^ (3-0)i+(-2-0)j + (Q-6]|t _3, 2j 6^ 

J{3- 0)^ + (-^2- 0)^ + (0 - 6)^ 7 7 7 
IS (3-Q)i + (2-Q)j + (0-6)k 3^^ 2, 6^ 
J(3 - 0)2 + (2 - 0 )2 + (0- 6)2 ^ ^ ^ 

''C J(-3-0)^+(2-0)^+(0^6)2 ^ 
„ _TB _ (-3-0)| + (-2-0)J + (0-6)h 3, 2. 6_ 
''^ J(-3-0>^ + (-^2-0)2+(O-6)^ 7 7 7 

Thus, the farce vectors Fj4 , F^ , and are given by 

Fa -^A«A -7cj^^l-'^J-^kj = [30i^20j-60kIIb 

Fj ^/=Bn^ =7€^ii + ij-^kj = t30i+20j-60kllb 
Fu = f^jn ^ = 70^ i -| j h j = MOI - 20j - 60k] lb 




Resultant FfHTcei 

F|? =Fa + Fc +F£> = (30i -20J- 60(k)-*- (301+ 2PJ- 60k)+(-30i + 20j'60k) + {^30i- 20f™ 60k) 
={-240k>N 

The magnitude of Fj^ is 

=Jo+ 0+(-240)2 =;240!b Ans. 
The coordinaie dilution angles of F/^ am 



1 = 90^ 


Am, 






Ans. 


f 






a 1 


j = 180' 


Ans^ 




















"Pi. 









92 



2 Solutions 44918 1/21/09 12:02 PM Page 93 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 



2-106. If the resultant of the four forces is 
= {-360k} lb, determine the tension developed in 
each cable. Due to symmetry, the tension in the four cables 
is the same. 




Force Vectors: The unit vectors n ^ , o 5, and u |j of , F^, F^ and F^^ must be determined first 
From Fig. a, 

_ (3-0)i-K-2-0)j-f(0-6)k 2. 6^ 

V(3 - 0)^ + (-2 - 0)^ + ( 0- 6)^ 111 

Vb (3-0)i-^-(2-0)j4-(0-6)k 3.. 2. 6 

J(3- 0)2 +(2- 0)2 +(0-6)2 / / 



DC =-^ = 



(-3-0)i + (2-0)j + (0-6)k ^_3_i^2 6^ 

7 7 7 



V(-3 - 0)2 + (2 - 0)2 +( 0- 6)2 
rp. (-3-0)i-K-2-0)j + (0-6)k _ 3, 2. 6^ 

^ V(-3-0)2 +(-2- 0)2 +(0- 6)2 111 



Since the magnitudes of F^ , F^ , F^ and ¥q are the same and denoted as F, they can be written as 
J 3 2 6 



Fc =Fcac =/^-^i + |j-|kj 
Fz) = FoO:) = F[^-^i-|j-^kj 



Resoltant Force: The vector addition of F^ , F^. F^ and ¥q is equal to F/j. Thus, 
F/? =F^ +F5-HFC+F0 



Thus, 



-360k =-yk 



360 = — F 

7 



F = 105lb 



Ans. 
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2-107. The pipe is supported at its end by a cord AB. If the 
cord exerts a force of F = 12 lb on the pipe at A, express 
this force as a Cartesian vector. 

Unit Victor : The oooixliDatcs of point A are 

A(5.3OTs2tr, -3sin2(f) ft oA{5W 2.819, - 1.026) ft 

Then 

r^f = {(O-5 O0)i + (0-181t)j + [6-C'I.O26)]k} ft 

= {_3,00l-2JI9j + 7.026k} ft 
r^, = + {'2.&\9f + 7.0261 = 9.073 ft 



r,, 9.073 

= -0.55 1 li -0J107J +0.7744k 



Force VtcW : 



F«Fu^, = l2(-OJ5ni-OJJl07j+a774*} lb 
= (-6.dll-3.73j-l'9^9kJ lb 




Ant 




r^i «(Ui]i30^-O)t^(leos3O<'^OU>a-O)k 

tA§ » ^{0.5)> + iG.my + (2)» » 2.236111 
. s 0.22361 a3«73J > 0.»944k 

F « 200a4t - (44.7 t ^ 77.51 ^ n9k| N Ai 
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•2-109. The cylindrical plate is subjected to the three cable 
forces which are concurrent at point D. Express each force 
which the cables exert on the plate as a Cartesian vector, 
and determine the magnitude and coordinate direction 
angles of the resultant force. 



- /(-0.75)l + (F + 31 - 3. 0923 m 

=-{-1.4352 l+l«2C»k>kN 

»t-1.4<H 5.82 k} IN Am 
rc »[0-(-0.75 ^ 45*)]l+[a"(-a.75 cot 4r)3j+{3-0)fc 

«{a5303l+aJ3tt3j+3k}m 
rc " ^(a53O3Ji+{0.J3O3)* + Ji a 3.0923 m 

*{ag575i+0.a575J+4.t307k} kN 
s{a857l+afi57l4'4.«5k} kM Aw 
r, »[0-{-a75 am 30P>]l+<0-a75 ciii30*ll+<3'0>k 
=- (0.375 t-0.6495i<f 3 k} m 



* /(a375P + (-0.6^5)* +31 n 3,09Z3 n 

• {a9701i-LM(K(J+7,7dnk} IN 
- {0.9701- L6«+ 7. 76k} kN 




0.75 m 



= 6 kN 



-{-1.4552 l+3,a209k} + {a970U- 1.6803 j+ 7.761 IkJ 

4>{0J575 l<4-Q,S573 J-f 4,S507 k> 
o {a3724 1-0.1228 J + ia4337 k} kN 

i%-Aa3724)> +(-0,8228)1 + (lg.43rrt» 
« 18, 4548 kN- 18,5 kN 



An 



. Ft ^ a3724t-0,8228H 18,4327k 

Fm ii;454i 

iaQ20tai-O,O445Sy'i>a99S8k 



cota* 0.02018 
co«^« -0,04458 

coir"a99sa 



a- 88,8" 
r-2.81* 



Aoi 



Am 
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2-110. The cable attached to the shear-leg derrick exerts a 
force on the derrick of F = 350 lb. Express this force as a 
Cartesian vector. 

Unit Vmo r ; The ooordmatta of point B m 

B(50sin30*» 50cos 30", 0) fi = J!<25A 43.S0U 0) ft 



Then 



r^^ = {(25.0-0) ! + (43.301 -0)j + CO- 35) k) ft 

= {25.0i + 4130U- 35.0k} ft 
fj^g = V23.OI + 43.3OP + (-35.0)' = 6L033 ft 

r^j 25.0t + 43,30 IJ-35.<^ 
"^^^ r^, " 6L033 

o 0.40961 <kOJO»4J - OJT35IC 



Faf\j^^ =3J0(0.409«4'0J094j-0J73Sk) tb 
1431 + 24^^ 201k} \b 




An* 



2-111. Given the three vectors A, B, and D, show that 
A(B + D) = (AB) + (AD). 



Sinc& the component of (B 4- 0) b equal 10 the sum of the components of B and 0, tto 

A (hVd) = A B + A O (QED) 

Alio, 

A <B+D) = C>*.i + A,J + /^k> [(S, (By-{'Dj)j + (B^ + Djk] 

= (A B) + (A DJ (QED) 
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"^2-112. Determine the projected component of the force 
Fab = 560 N acting along cable AC. Express the result as a 
Cartesian vector. 

Force Vectors; The unit vectors q and o ^ must be determined first. From Fig. a, 
_ Tab (-t.5-0)i + (0-3)j+(l-Q)k _ .3,_6,^2^ 

J(-i.5-0)^+(0^3)^ + Cl-0)^ 
(L5-0)i + (0-3)j + (3-Q)k _ 1, 2 2 

U — = — — 1— ^J^-—K 

'>C J(l .5 - 0)^ + (0 - 3)^ + (3- 0)^ 3 3 3 



Thus, the force vector is given by 

VAB=fAB^AB =56(|^-^i-^j+|kj = [-240i-48qj+160k] 

Vect<n* Dot Prodoct: The magnitude of the projected component of f^B 

iFAB)AC =V^-«AC =(-24(H-48Qi+160k).(^|i-|j+|kj 

= 346.(S7N 

Thus» (F^ expressed in Cartesian vector form is 

(Fab )ac = (^ab )ac = ^^■^'{^\ i "f ^"^f ""j 
^[116i-"231j + 231klN 



1.5 m 



Ans* 




F4s= 560N 
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•2-113. Determine the magnitudes of the components of 
force F = 56 N acting along and perpendicular to line AO. 



Umit VectoiK The unit vectors u and a j^q must be determined fireL From Fig, a, 

J[0^(^1.5)f +(0-3)2 + (2-1)^ 111 
^^^- ^AO ^ [Q-(-1.5)t + (0-3»j+(0-l)fe _ 3, 6^ 2^ 
J[0-(-1.5)]^+(0-3)^+<0^1)^ 7 7 7 

Thus, die force vector F is given by 

F= Fn^ = 5^1i^£ j+lk j = I24i -48j+ 16kjN 

Vector DotP^oct: The magiEtode of Ihe projected component of F parallel to line ^ is 

= 46^6N =46.9N 




Ans. 



The ooEnpofient of F perpendtcuJar tD line AD is 



= 30,7N 



46,86'' 



Aii& 
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2-114. Determine the length of side BC of the triangular 
plate. Solve the problem by finding the magnitude of r^^; 
then check the result by first finding <9, r^^, and r^^ and 
then using the cosine law. 



r§c » JOf H2f + i-^f =• 5.39 m An 
Alio. 

rAc-{3l'<-4j-lk}iii 




fAC UB .0*4(2)* (-1)0) -5 



\ fAcrAM J 



(3.Q99O)(3,6056) 



r»c ■ ^(5.0990)* + (3.6056)* -2(5J»90)C3.6<}56) «w 74.219« 
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2-115. Determine the magnitudes of the components of 
F = 600 N acting along and perpendicular to segment DE 
of the pipe assembly. 



Unit VechHTS: The unit vectors o £g mtd must be deteimined first From Fig. a, 
4(0 - 4)^ + (2 " 5)^ + [0- i-iyf 

Thus, Uie force vectcw F is given fay 

¥ = Fn^= 60Q(-0.7428i" 0.5S71j+03714fc)= [-^5.661-334.251+ 222.83k] N 



Vector Dot Product: Tlte magnitude of the component of F parallel to segment £^ of the pipe assembly 

:^ (-445.66X0)+ (-334.25K-1 ) + (222.83K0) 

=334.25 = 334N An& 




The component of F perpcDdicuJar to segment £M of the pipe assembly is 
{Fei, )per = J^^ - {Fed = J^OO^ " 334.25^ " 498 N 
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"^2-116. Two forces act on the hook. Determine the angle 
6 between them. Also, what are the projections of and F2 
along the y axis? 

F, « 600co« LIO^I * 600coi6(rj + 600co«45*k 

« - 3001 + 300J ^K 424j|t; f, 600N 
^ > 1201 4^ 90] - SO k; Fi ^ HON 

ri ft = (-300) (120) + (300X90) +(424.3) (-aO) - - i2f44 
Ul70)(600)J 

> - J 

So, 

« Ft - I « (3O0)(l) s 300K An 
> ft J a (9<^(t) 3 90N Am 



Fi = 600 N 




F2 = {120i + 90j - 80k}N 



•2-117. Two forces act on the hook. Determine the 
magnitude of the projection of F2 along F^. 



Fi = 600 N 




Qi - 001 120*»i + cmeO"! coi4$*k 

Pfoj 1^ = ft ui a (120) (OM iar> * (90) {m fXfy * (-8OX001 45»> 
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2-118. Determine the projection of force F = 80 N along 
line BC. Express the result as a Cartesian vector. 



F= SON 




Unit Vectors: The unit vectors u ^ and a must be determined first From Fig. a, 
P^^- '-ro - (2-2^ + (Q-2)j + a.5-Q)k _ 4.. 3, 

^ J(2- 2)^ +(0-2)^ +(1.5-0)^ ^ ^ 



Thus, the force vector F is given by 



F-Fi.ro = 80j^-|j+|tj==[-64j+48k 



]N 



Vector Dot ^^Dct: The magnitude of the projected component of F along line BC is 
/flC = F tt/C = (-64j+48k) (0.7071i- 0,7071j) 

= (0)( 0.707 1)+(-64)(-0.7€71)+ 48(0) 
= 45.25 = 45.2 N 

The component of Fg^ can be expressed in Cartesian vector form as 
F£c = /^flC fC ) = 45.25(0.70711 - 0.707 Ij) 
= {32i-32j}N 
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2-119. The clamp is used on a jig. If the vertical force 
acting on the bolt is F = {-500k} N, determine the 
magnitudes of its components and F2 which act along the 
OA axis and perpendicular to it. 




F = {-500 k}N 



UkU Vtctor : Iht unit vector along OA aiis U 

Fro/wcted Compom^ni of FAhng OA Axis : 
Pi^r-u^o^ (-500k) (-1 - |j- |kj 

= 333.33 N = 333 N Am 

C^mpontm of F FtfptndUular to OA Axis : Since Ote m^gniiude of 
forte F is 500 N 50 ihaE 

= ^fi'Ff I- ^yXf^-3323P « 373 N Am 



103 



Solutions 44918 1/21/09 12:02 PM Page 104 




© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the pubhsher. 




Thus, the force vector is giveo by 



^AB^^^AB^AB -70(^|i-ij-lkj = {300i-200j-600k>lb 

Vector Dot Product: The projected component of along the z axis is 
(^^ )z = ■ = (300* - 200j - 600k) k 
=-600 lb 

The negative sign indicates that (jFj^^ )^ is directed towards the negative z a?us. Thus 
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•2-121. Determine the magnitude of the projected 
component of force F^^ acting along the z axis. 




Unit Vector: The unit vector must be delennEtie:>d first From Fig, a , 
Tj^ (I2sm30^-0)i-l-(12cos3r-0)j + <0-36)k 



a 1581 1 + 0,2739j - 0.9487k 



Thus, the forice vect^or is given by 

=F^o^ =600(04581i + 0,2739j-0.9487fc) ={94.871+ 16432j-5e9.21k}N 

V«etx)r Dc»t Fit»diict; The projected component of along the z axis is 
(^JC )z=^m: (94.87i+ 16432j" 569.21k}- fc 
=-569 lb 

The negative sign indicaies that (Fjc )z ^^^^^^ towards the negative z axis. Thus 
(f^)^ = 5691b Am, 
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2-122. Determine the projection of force F = 400 N 
acting along line AC of the pipe assembly. Express the result 
as a Cartesian vector. 




Force and miit Vector: The force vector F and unit vector q ^ must be determined fii^t 
From Fig. (a) 

F = 400(- cos45° siii3(ri + cos 45" cos 30^ j + &iti4Slt ) 
141 .421 + 244,95 j+ 282.84k } 

_ (Q-0)i + (4-0)j + (3-0)k _4^^ 3, 

4(0 - of + (4 - 0)^ 4 (3- of ^ ^ 



Vector Dot Ptodnct: The magnitude of the projected component of F aJong line AC is 
Fj^ =^F-ii^ ^{-14142 i+24495i+ 28184k)- ^ij+|kj 

9(1]. 282.84(1] 



= (-141. 42)(0)+ 2449^ 
= 365.66 lb Ans. 



Thus, F^ wntten in Cartesian vector form is 



=^^i>^ =365.66^^j+|kj = {293j+2l9k}lb 



AlUL 
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2-123. Determine the magnitudes of the components of 
force F = 400 N acting parallel and perpendicular to 
segment BC of the pipe assembly. 




Fom Vector: The force vector F must be detemutied first From Rg. a, 
F = 400(- cos45^ siii3£Fi + cos 45** cos 30^ j+ sio 45^ ) 
K-14I.^I+ 24495j+ 282.84k>N 

Vector Dot Praduct: By inspecting Fig. < a } we notice that u £c = i TTius, the magnitude of the 

componeiit of F parallel to segment BC of the pipe assembly Is 

(^«:)iHiaJ =FJ = (^14L42r + 244.95j + mS4h)j 
= -141.42(0)+ 244.93(1) + 282,84(0) 
= 244.95lb = 245N Ans. 

The magnitude of the component of F perpendtcuJar to segment BC of the pipe assembly can be 
determined from 



(^ft:)ptt = -i^BO )pamt = ^400^ " 244.93^ 



= 3i6N 
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^2-124. Cable OA is used to support column OB. 
Determine the angle 0 it makes with beam OC. 



^(4-0)* + (8"0)^ + (-8-0)^ 



Tkt Angli^ BtiwM Two Vtclart B - 



Thfift, 



s cos"' (ttffC "iJil ) = ^ 





Vfttt Vtctor : 

^ -sin 30^1 + 30"] = ^ 0.866Qj 



«0A = 



1. \ \ 



s 0^4107 
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2-126. The cables each exert a force of 400 N on the post. 
Determine the magnitude of the projected component of 
along the line of action of 


^1 = 


I 

400 N 












\35°- 








Ujr, = sin 15°coi 20"! - ain 35"sm 2<f i + cm 33*k 
= 0.53901-0. IfN^aj 'i-O.S192k 








\ 

120" 




=i;u^ 400(0.53901 -0 l96y+a81$2k) N 








-h-r 

/ / 


y 


= {2lS.59i-78.47j-i-327.66Jt} N 


2^y^ 45°- 






VmU Vector : Hie unit vector along (be line of action <9f ^ ii 












= 0,707!! +0.5j- 0.5k 


X 






<») 


— zinn NT 

— ''+UU iM 


Pr^JwcUd C&mp0tttM of Fj Al&Mg Line of Action ofF^ : 












C/^)^ =Fi = (215,591 -78. 47j-H27, 66k) (0.70711 -1^0.51 -0.5k) 

= (213.39) (0,7071) -i- (-78.47) (a5) + 027.*6) (-0,5) 
^-50.6N 












Negative sign indicates thai the force component (F^ )^^M:ts in the opposite nnie 

of direction to lhat of . 












dius die nugjuiude Is (Ft )|^ ^ 50.6 N Ant 












2-127. Determine the angle 6 between the two cables 
attached to the post. 




I 

400 N 
\35°- 




\ 

120" 












Tt 


y 










/eo" 

A ^2 
<a>) 




UmU Vwcior : 

=siii35^cos20*l-sin35's!n20"j+cos35'k 
= 0-5390i -0. ISt^j+O.olTOK 

11^ » cot 4Sn + C04 60*j +co« 120"k 
a0.7O7H4-0.5i-O.3k 


2^y^ 45°- 
X ^ 




= 400 N 


rA# Angtr. Between Tw a Yteton d : Tlic dot |»wluct of two unU 
vedoA tnustbed^rminedriraL 












u,^. = {0.53901-0. 196a5j + 0.Sl92k)(0.7071l+a5j-O.5k) 
= 0J390(O.7071)+(-O.19«2)(0.5)+Ojl92(-03> 
s -a 1265 












e*aw*'(ii,j «,^)»cot-*(H}J365)»97.3* Aw 
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•2-129. Determine the angle 6 between cables AB and AC. 




rAC=^U0-t5)i4^C-8-O)J+(12-O)k) ft 
= {-i5i-gi+12k} ft 



The m^nitudcs of the postkm vectors are 

fj^g = >/C"15)^+32 + 8i = 17.263 ft 
r^c = l/(-Ii)^ + (-S)^ + l2i* 20,fi09 ft 

Tkt AMgUx Sttweett Two Vteion B: 

^AB ■ r^c = C- 1 5i + 3J + ■ C-1 5i - 8j + 12k) 

= (-l5)C-l5>-i'C3)(-«) + 8Cl2) 
= 297 ft* 

Then, 

a = cos" f 5iilJl£ V cos-' r l^c^l = 34.2- Au 
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2-130. If F has a magnitude of 55 lb, determine the 
magnitude of its projected components acting along the x 
axis and along cable AC. 



Fore* Vteior: 



12 ft 



F = fu^j =;53<-0,8e89i+ai73Si+0.4d34l£) lb 
{-47.7911 + 9.55^+ 25.489k} lb 

C/itll Veetar : The unit vector along negative x axis and hAC are 



(Q-15)t + (-8-0)J+<12-0)lt 
''^^ /(O- 15)^ + (-8-0)^ + 1 12*0)^ 
= -0,72094 -0 J845|+0.5767k 

Frojeeied Campotttni of W : 

^ =r F ■ = (^7 .79li + §.5J8j + 25.489k) ^ (-11) 
= <-*7.79l)C-»l) + 9,558(0) + 25.489(0) 
^=47,8ib 




Am 



'ic = F ' ^Ac = C-47J9H +9.538j + 23,489k) ■ (-OJ209I - 0.3B45j + 0,576-^1) 
^ ("47.79 1) (-0.7209) + (9.558) (HIJ845) + (25.489) (0,5767) 
3 45 J lb Ant 



2-131. Determine the magnitudes of the projected 
components of the force F = 300 N acting along the x and 
y axes. 



Force Vector: The fofce vector ¥ must be determined first From Fig. a, 
F= -300siti30*'sm 30*S+ 300cas30*'j+ 300sin30° oos30^k 
= [-751+ 259.81 j+l29.90klN 



Vector Dot Product: The magnitudes of tiie prtyected component of F along the x and y axes are 
= F ' i = (-751 + 259,81 j+ 1 29.90k) ^ i 
^-75(1) +259.81(0) + 129,9(K0) 
==-75N 

Fy =F-j =(-75i + 259.81j+ 129.90k) i 
= -75(0) + 259.81 ( 1 ) + 129.90(0) 
= 260N 

The negative sign indicates that Fj; is directed towards the negative jc axis. Thus 




Am. 
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2-132. Determine the magnitude of the projected 
component of the force F = 300 N acting along line OA. 




300 N 



Force and unit VeGlorr The foroe vector F and \mt vector Hq^^ musi be determined first 
FromRg. (a) 

F = -3O0s!n3O'siii30^ + 3OOcas3O^j+ 300sin3(Poos30^lE) 

={-75i + 259,iIj+ 129.90k}N 
na,=^= (^■45^Q)i^(03-0)j^(0.259e-01fc ^ ^^^^ ^ ^ ^3^^ 
Jc-045 - a)^ + (03- of + (0.2598 - 0)^ 

Vector Dot PkxidDct: The magnilude of the projected component of F along line OA is 
FoA =F'iicw =( -751+ 259.81j+ 129.90k)' (-a.75i + 0.5jf 0.4330k) 
= <^75K-0,75) + 259,81(0.3)+ 129.90(0,4330) 

= 242N Ana 
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•2-133. Two cables exert forces on the pipe. Determine 
the magnitude of the projected component of along the 
line of action of 

Uf^ = «M3O'sm3O^4'Coi30f'ai3«rj-iiii30^k 
r, ^ ffc^o^ = 30(0.43301 +I>.73j-a5k) lb 
(/nlf Y*eior t Ow m 0^ th« a ° 135* for oiittg 

o eoa las'* eo"j+« 60Ti = -0,707 in^a^fH^aa 

--1441^ 

Nc|«iiv« sign mdleatti that dte piojeccod cofoponeiit (Fi )^ M in ihfi Dppotili 
•otK of dinctian u thatofttj^. 



2-134. Determine the angle ^ between the two 
attached to the pipe. 



^ a433O(-0t7O71) +a75((kJ) + (-€JKOtJ) 
0i>au'^ (a|| a^) -coi '(-0.18l2> «. 100* Am 

lip, =005 30^111130*1 + cos 3ff'cM30"J-*[fi3ff'k 
= 0.4330* +a7SJ-^0Jlt 

» 034 135*1 -4- CDi 6(FJ+ cut ficr*h 
= ^.707U-Ka5i+0.5k 
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2-135. Determine the x and y components of the 700-lb 
force. 
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2-136. Determine the magnitude of the projected 
component of the 100-lb force acting along the axis BC of 
the pipe. 

Fore* VMcior : 

^CD ^ ^^^^^ 

^ -Oj883i 4^0.7845] -4- 0. 1961k 
F = Fiico - IOO(-0.5afi3i + 0.7a45J'f O.JWlk) 

Vitit ViMr : The unit vector along CB is 

{0-6)l + (0-4)J+(0-(-2))k 




V(0-6)U<O-4)* + (O-{-2)]i 
= -0.80181 -a5343J+fl^3k 

Frajttitd Compomemi of WAhmgCB: 

FcB'¥-^B=' (-58.S35i + 76.44^+ 19.612k) (H).80 1 81 -0J345J 4- 0.2673k) 
« (-58.833) (-0.8018) + (78^) (-0^343) + ( 19.612) (02673) 
s 105 lb Alt 



•2-137. Determine the angle 6 between pipe segments 
BA and BC. 




r,c = {(6-0)l + (4-0)|+(-2-0)k} ft 
= (6i + 4J-2k>ft 



Tlie magniiudes of ifae po^n vectors afe 



Tfl^ 3.00 ft r^c = i/6= + 4i + (-2)^ = 7,483 ft 
Tk0 AmgU'^ Between Two Vteton $ ; 

= f-3)(6) + (0)(4)+0(-2) 
= -l8.0tf 



Then. 



» = CO.-' (''* "'^ 1= «o»-'f ~" ° J = 14y A. 

I J L3-«){7.483)J 
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2-138. Determine the magnitude and direction of the 
resultant = Fi + F2 + F3 of the three forces by first 
finding the resultant F' = F^ + F3 and then forming 
F^ = F' + F2. Specify its direction measured counter- 
clockwise from the positive x axis. 



Fi = 80 N 



iior 



sa 



104w7 



h - yaOCTy* + C7S>» - 2<l04.TX75)aw 16146» 
/Sr «m.7- 178N Am 



104.1 mj~ 



Am 
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2-139. Determine the design angle 6 (0 < 90°) between 
the two struts so that the 500-lb horizontal force has a 
component of 600 lb directed from A toward C. What is the 
component of force acting along member BA7 




The pamlldogram law of addidoa and the tnangufar rule are shown in Rgs. amdb. 

Applying the law of cosines to Hg. 

Fr = JSOO^ + 600^ ^ a[500X6OO)cas 20* 
= 214.91 Jb^2151b 



Am, 



Applying ihe law of sines to Fig- and using this result yields 
500 " 214.91 



0 = 52.7° 



500 ib 
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"^2-140. Determine the magnitude and direction of the 
smallest force so that the resultant force of all three 
forces has a magnitude of 20 lb. 




Fi = 5 lb 
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•2-141. Resolve the 250-N force into components acting 
along the u and v axes and determine the magnitudes of 
these components. 



250 



250 K 



F, - tB6N AOS 
K - 9gJ N Am 




250 N 





2- 142. Cable AB exerts a force of 80 N on the end of the 

3- m-long boom OA. Determine the magnitude of the 
projection of this force along the boom. 



1') 



3 5 
a -14i - 4l.57j + 64 It 

U4fl 3 - COS 

^ r tt^o = (-24H-aS) + <-4t57>(- 0.166) +(64)0 « 4a.0N Ad 
ScalirAntysis: 

Proj r 30 cos 53J1* ^ 48,0 N An* 
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2-143. The three supporting cables exert the forces shown 
on the sign. Represent each force as a Cartesian vector. 





r^i ={(0-5)1 + (2-0) J+ (3-0) k} m + :y + 3lt) m 



^^.811 li +0.3244J + 0.4«67k 



= HO-S^lH-l-m H'^-m} ra= {-Si -y+3k) 1 
'Xc = V(-5) V{-2)* + 3^ ^ 6J64 m 

^AC = 



t I II -a3244J + 0.486m 



fijE = f (0 -2) I + (0^0) j+ (3 ^0)k} m = (-2l + 3k}m 



r|,e = V(-2)' + 33"3«)3 
TpB -^2i^l!k 



1>£ 



3.605 



-0.5547i+aa321k 



P"a =^fl«4* *400{-0.8llli+O.3244j + 0.4S67k) N 

a{^324i + 13Ctf+195k} N Am 

Fc^'StUab » W{^ SllH-0.3244j + 0.4867kJ N 
» (-324.44* - 129.7BJ+ IM^Tk) K 
= (-3241 - I30j+ 195k) N Am 

F£ = Ji«D£ = 350{-O,3547i + 0J32lk} N 
= ('-194,151 + 291.22k} N 
3(-l!MI + 291k) N Aim 
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